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ABSTRACT
We have searched the Faint Images of the Radio Sky at Twenty centimeters (FIRST) and the NRAO
VLA Sky Survey (NVSS) 1.4 GHz radio surveys for sources that are coincident with emission-line galaxy
(ELG) candidates from the KPNO International Spectroscopic Survey (KISS). A total of 207 of the 2157
KISS ELGs (∼10%) in the first two Hα-selected survey lists were found to possess radio detections in
FIRST and/or NVSS. Follow-up spectra exist for all of the radio detections, allowing us to determine
the activity type (star-forming vs. AGN) for the entire sample. We explore the properties of the radio-
detected KISS galaxies in order to gain a better insight into the nature of radio-emitting galaxies in the
local universe (z < 0.1). No dwarf galaxies were detected, despite the large numbers of low-luminosity
galaxies present in KISS, suggesting that lower mass, lower luminosity objects do not possess strong
galaxian-scale magnetic fields. Due to the selection technique used for KISS, our radio ELGs represent a
quasi-volume-limited sample, which allows us to develop a clearer picture of the radio galaxy population
at low redshift. Nearly 2/3rds of the KISS radio galaxies are starburst/star-forming galaxies, which is
in stark contrast to the results of flux-limited radio surveys that are dominated by AGNs and elliptical
galaxies (i.e., classic radio galaxies). While there are many AGNs among the KISS radio galaxies, there
are no objects with large radio powers in our local volume. We derive a radio luminosity function (RLF)
for the KISS ELGs that agrees very well with previous RLFs that adequately sample the lower-luminosity
radio population.
Subject headings: galaxies: starburst — galaxies: active — galaxies:luminosity function — radio
continuum
1. introduction
Radio source surveys provide an unobstructed window
for studying the distant universe. In the past few decades
there have been many attempts to construct radio lumi-
nosity functions for both radio- and optically-selected sur-
veys of galaxies (Condon 1984; Windhorst et al. 1985;
Kron et al. 1985; Condon 1989; Condon, Cotton & Brod-
erick 2002). Recently, studies have focused on more spe-
cific aspects of galaxian radio emission by either trying
to obtain samples of radio sources that reach to sub-mJy
flux levels (Benn et al. 1993; Gruppioni et al. 1999; Geor-
gakakis et al. 1999; Richards 2000; Prandoni et al. 2001),
or attempting to select radio galaxies from specialized sub-
samples (Brinkmann et al. 2000; Ho & Ulvestad 2001;
Yun, Reddy & Condon 2001). However, the focus of most
of these studies has been on higher redshifts. This comes
about naturally due to the use of flux-limited samples of
objects. These samples are relevant for studying the evolu-
tion of the radio luminosity function. In the current study
we take a different approach, seeking to investigate the ra-
dio emission from a quasi-volume-limited sample of galax-
ies. We explore the population of radio-emitting galaxies
in the local universe (z < 0.1) by selecting these galax-
ies from the KPNO International Spectroscopic Survey
(KISS; Salzer et al. (2000, 2001)), which detects galaxies
via the Hα emission line.
Previous objective-prism galaxy surveys, such as the
Markarian (Markarian 1967; Markarian, Lipovetskii, &
Stepanian 1981), Tololo (Smith 1975; Smith, Aguirre &
Zemelman 1976), Michigan (MacAlpine, Smith & Lewis
1977; MacAlpine & Williams 1981), and Case (Pesch &
Sanduleak 1983; Stephenson, Pesch & MacConnell 1992)
surveys, have been major sources of objects from which
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we have learned much of what we know about Seyfert
galaxies, starburst galaxies and even QSOs. These ac-
tive galactic nuclei (AGNs) and galaxian starbursts are
among the most energetic phenomena known. Quasars,
by definition, are associated with intense radio emission.
However, the fraction of the other types of active galax-
ies that have associated radio emission remains uncertain.
Also in question is the fraction of less energetic or “nor-
mal” galaxies that have detectable radio emission. These
galaxies may be the population that the very deep radio
flux (i.e., sub-mJy level) surveys detect. Some observa-
tions in this regime (Gruppioni et al. 1999; Prandoni et
al. 2001) suggest that the faint radio galaxy population
consists of far more “normal,” low radio power galaxies,
which are more often starburst or star-forming galaxies
rather than AGNs. This is in direct contrast to mJy-level
surveys that are dominated by radio-loud galaxies. If this
is so, these “normal” radio galaxies most likely exist in the
local universe, and would make up a substantial fraction
of a volume-limited radio sample.
Recent studies (Prandoni et al. 2001; Yun, Reddy &
Condon 2001; Sadler et al. 2002) have used large-area op-
tical and infrared surveys (ESO Imaging Survey, IRAS,
2dF Galaxy Redshift survey) to identify galaxies with ra-
dio sources and construct radio-galaxy samples. We uti-
lize KISS as the selection mechanism for a local sample
of radio emission galaxies which are positionally matched
with radio sources identified by the combined catalogs of
the Faint Images of the Radio Sky at Twenty-centimeters
(FIRST) survey (Becker et al. 1995) and the NRAO VLA
Sky Survey (NVSS) (Condon et al. 1998) at 1.4 GHz. The
objective-prism survey method of KISS automatically as-
signs redshift estimates to the identified radio galaxies,
and follow-up spectroscopy of these galaxies supplies the
survey with activity types. Lack of follow-up spectroscopy
and redshifts is the single largest obstacle to interpreting
the contents of most deep radio surveys. Highly success-
ful studies, such as the Marano Field study conducted by
Gruppioni et al. (1999), were conducted with only 45%
of the sub-mJy sample of galaxies having spectroscopic
information. More recent studies like Prandoni et al.
(2001) have achieved almost 100% follow-up spectroscopy
for their galaxies.
The combination of the good depth and very specific
wavelength coverage of the KISS objective-prism spec-
tra, combined with the moderately deep brightness lim-
its of FIRST (Slim = 1 mJy/beam) and NVSS (Slim ≈
2.5 mJy/beam) gives us a unique sample of local radio-
emitting galaxies that has a high degree of completeness.
Furthermore, we sample intermediate and lower radio pow-
ers better than most previous studies. This is an alterna-
tive method to probing into the nature of the so-called
sub-mJy population which other groups (Georgakakis et
al. 1999; Prandoni et al. 2001) believe is dominated by
star-forming galaxies (which KISS is sensitive to), as op-
posed to the radio-loud objects found typically in galaxies
with early-type morphologies.
This paper is organized as follows. In §2 we briefly
summarize the surveys used in the creation of this sample
(KISS, FIRST, NVSS), while in §3 we discuss the optical-
radio identification method, present a comparison between
the FIRST and NVSS flux densities, and define the com-
plete radio-KISS sample. The radio-KISS sample proper-
ties are described in §4 as well as the properties of KISS
ELGs not identified with radio sources. Section 5 presents
the local 1.4 GHz radio luminosity function derived from
the radio-KISS sample and §6 presents our conclusions.
2. the galaxy sample
2.1. KPNO International Spectroscopic Survey - KISS
KISS is an Hα emission-line-selected objective-prism
survey for extragalactic objects (Salzer et al. 2000). It is
the first fully digital objective-prism survey for emission-
line galaxies (ELGs), with all survey data acquired using
the 0.61 m Burrell Schmidt telescope located on Kitt Peak.
The current study makes use of the first two survey strips.
The first, described in Salzer et al. (2001), coincides with
the Century Redshift Survey (Geller et al. 1997; Wegner
et al. 2001), covering the region RA = 12h 15m to 17h
0m, Dec = 29 - 30o, while the second strip, described in
Gronwall et al. (2004a), cuts through the Boo¨tes void (RA
= 11h 55m to 16h 15m, Dec = 42.7 - 44.3o). The first
survey strip was obtained using a 2048 × 2048 pixel STIS
CCD (S2KA) which has 21 µm pixels with an overall field
of view of 69 × 69 arcmin. Each image covered 1.32 deg2.
The second survey strip was taken with a SiTe 2048 ×
4096 CCD with a coverage area of 50 × 100 arcmin (giv-
ing an area of 1.39 deg2). The pixel size of the new CCD
is smaller (15 µm), so the area covered by each image is
nearly equivalent to the original STIS CCD.
The Hα-selected (hereafter referred to as “red”) portion
of the KISS objective-prism spectral data covers a spec-
tral range of 6400 - 7200 A˚. The red survey spectral data
were obtained with a 4◦ prism, which provided a recipro-
cal dispersion of 24 A˚ pixel−1 at Hα (λo = 6563 A˚) for
the survey strip at Dec = 30o, and 17 A˚ pixel−1 for the
43o strip. The spectral range was chosen to have a blue
limit just below the rest wavelength of Hα and to extend
up to the beginning of a strong atmospheric OH molecu-
lar band near 7200 A˚. Hα is detectable in this range up
to a redshift of approximately 0.095 (Salzer et al. 2001).
Along with the objective-prism images, direct images (im-
ages with no prism in front of the telescope) for each field
are obtained. Images were taken through two filters (B
and V ) to a depth of B = 21− 22, which is 1 to 2 magni-
tudes fainter than the limiting magnitude of the spectral
images. From these images, accurate positions and B and
V photometry for all objects are obtained.
The ELG candidates selected by KISS are cataloged, but
these remain only candidates until follow-up spectroscopy
can be done for these objects. Higher resolution slit or
fiber spectra have been obtained and reduced for approx-
imately 83% of the 30 degree strip, and 30% of the newer
43 degree strip. These spectra cover a wide range of opti-
cal wavelengths, which allow for the measurement of var-
ious emission lines such as Hα, Hβ, [O III] λλ 4959, 5007
A˚, [N II] λλ 6548, 6583 A˚, etc. From these spectra, the
activity type of the ELGs can be determined (Seyfert 1
and 2s, starbursts, Low Ionization Nuclear Emission Re-
gions (LINERs), QSOs) as well as the metallicities of these
galaxies (Melbourne & Salzer 2002).
2.2. Faint Images of the Radio Sky at
Twenty-centimeters - FIRST
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The FIRST survey is being conducted with the Very
Large Array (VLA) in the B configuration at 1.4 GHz.
The stated sensitivity of the FIRST source catalog is
1.0 mJy/beam, with a typical rms noise level of 0.15
mJy/beam, and an angular resolution of 5.4 arcsec FWHM
(Becker et al. 1995). The sensitivity and resolution were
selected to make FIRST comparable to the Palomar Ob-
servatory Sky Survey (POSS) in depth and resolution at
radio frequencies, and is the highest resolution large-area
radio survey available. FIRST detects an average source
density of 89.5 sources per deg2. A map is produced for
each field and sources are detected by using an ellipti-
cal Gaussian-fitting procedure (White et al. 1997). The
catalog produced from this survey was estimated to be
95% complete at 2 mJy/beam and 80% complete at 1
mJy/beam (Becker et al. 1995).
Not only did FIRST fully overlap the area of the sky ob-
served by KISS, but its scientific priorities complemented
KISS and this radio-optical matching project. Using the
B configuration of the VLA, FIRST was able to achieve
positional accuracies of better than 1”, which is sufficient
to obtain a large number of optical identifications with
low chance coincidence rates (Becker et al. 1995). For an
object with an optical V magnitude of 20, the FIRST
data have an identification error rate of 1%, while surveys
taken in the C and D configurations have error rates of
∼6% and ∼25%, respectively (Becker et al. 1995), when
dealing with radio point sources. However, the small size
of the beam (5.4 arcsec) can also break up a single ex-
tended radio source into multiple FIRST sources. Thus,
it is possible for an unassociated radio lobe to appear to
be matched with a nearby KISS galaxy, while the actual
central source of the radio emission is at a larger offset
on the sky. Our method of checking for this situation is
explained in Section 3.1. Another significant effect of the
small beam size is that FIRST is not sensitive to extended,
low-surface-brightness emission when compared to surveys
with larger beam sizes, such as NVSS.
FIRST is sufficiently sensitive to detect the star-forming
galaxies that have been proposed to start dominating the
radio population within the flux regime of ≤ 1 mJy (Geor-
gakakis et al. 1999; Prandoni et al. 2001). This correlates
well with KISS which is sensitive to starburst galaxies over
a large volume. Becker et al. (1995) state that at the
FIRST threshold, ∼75% of detected galaxies will be AGNs
and the remainder are star-forming galaxies. While this
may be true for the full FIRST database, we find a very
different mix of AGNs and star-forming galaxies among
the radio-detected KISS galaxies (see Section 3.4).
2.3. NRAO VLA Sky Survey - NVSS
The NVSS is a VLA radio survey that made 1.4 GHz
continuum total intensity and linear polarization images
utilizing the compact D configuration (Condon et al.
1998). The survey was sensitive down to 2.5 mJy/beam
with rms brightness fluctuations of σ ≈ 0.45 mJy/beam
and an angular resolution of 45 arcsec. The survey covers
82% of the celestial sphere, including the KISS area. While
NVSS does not probe as deep as FIRST for point sources,
the increased beam size allows NVSS to detect low-surface
brightness extended radio sources, some of which are not
detected by FIRST.
NVSS takes a different approach to compiling a radio
survey than does FIRST. The most fundamental require-
ment in their survey is completeness. FIRST will detect
fainter radio objects, but NVSS’s goal is to detect all local
radio emitting galaxies with uniformly accurate flux den-
sities. The large beam size does not break up extended ra-
dio sources into multiple sources as FIRST does, so NVSS
tends to be more accurate in its flux measurements of ex-
tended sources. However, NVSS is not as sensitive at de-
tecting faint point sources, which FIRST is designed to
detect.
As Condon et al. (1998) state, no single survey can com-
bine the positive attributes of both a low resolution survey
(for low-brightness sources and accurate flux densities of
extended sources) and a high resolution one (for accurate
radio positions and radio-source identifications with faint
galaxies). Our solution to this problem is to combine the
results of the radio-optical matching of FIRST and NVSS
radio sources with the KISS sample. FIRST provides us
with high positional accuracy of the radio sources, as well
as faint point source radio detections. Alternatively, NVSS
provides us with very accurate flux measurements as well
as sensitivity to faint diffuse radio emission. The KISS
project can then determine the activity type classifica-
tion as well as other spectroscopic information, such as
metal abundances and redshifts, by obtaining follow-up
spectroscopy of the optical counterparts.
3. radio-optical matching and sample
The radio-optical matching procedures for FIRST-KISS
and NVSS-KISS differ significantly due to the differing ap-
proaches, resolutions, and parameters used by the FIRST
and NVSS surveying teams. Both procedures utilize the
KISS direct images and the Digitized Sky Survey (DSS)
optical images as the comparison to the FIRST and NVSS
radio emission.
3.1. FIRST-KISS
Both the FIRST survey and KISS have relatively high
angular resolutions (5.4 arcsec for FIRST, 3–4 arcsec for
KISS), which provides accurate sky positions for the ob-
jects contained in both surveys. Because of this high level
positional accuracy, we chose to perform a direct posi-
tional comparison between the surveys. We overlaid the
KISS direct image of each survey field with the positions
of the FIRST sources covering the KISS field of view. Fig-
ure 1 displays the results of a positional matching exercise
for a random sampling of ten KISS fields and includes all
the FIRST object matches to any KISS ELG with posi-
tional offsets of under 60 arcseconds. The linear increase
of matches at large ∆R is indicative of the increase of spu-
rious matches at larger and larger radii (since the areas of
the annuli around each target galaxy increase linearly with
∆R). A linear fit through the origin out to 60 arcseconds
divides the sample into the real and spurious matches. The
lower histogram shows the difference between the full set
of matches and the linear fit. The fraction of spurious
matches is very low for separations under 2 arcseconds
(∼1%). Based on these results, we decided to accept any
radio source match that has a ∆R < 2.0 arcsec as a valid
match as long as the radio source was unresolved (i.e., a
point source). Following this decision we visually exam-
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Fig. 1.— FIRST-KISS positional offsets of 10 randomly selected fields for all objects matched out to 60 arcsec separations. The dashed
line represents a linear fit with an intercept constrained to zero. The lower histogram is the difference between actual matches and the linear
fit at each bin. Matches with ∆R of less than 2 arcseconds have a low proportion of spurious detections.
ined the remaining putative matches. Due to the angular
size of these sources, we assume that real point source
matches are only possible with offsets under 10 arcsec.
True matches of point radio sources to optical galaxies
should be close to the central region of the galaxy. True
radio source matches at greater offsets should only be ex-
tended sources, i.e, lobe sources from an AGN or extended
radio emission from a starburst region of large angular size.
The remaining radio source matches with ∆R > 2 arcsec
required visual verification (see below) but very few were
accepted as bonafide matches. We did not attempt to
match radio sources at ∆R > 30 arcsec due to the high
resolution and precision of KISS and FIRST source posi-
tions and the increasing number density of point sources
at these radii, which will only contribute spurious sources
to our radio-optical sample.
When carrying out our matching procedure, we were
careful not to exclude possible matches of radio sources
with extended lobe morphologies with optical counterparts
at larger ∆R. Thus, we chose any KISS object within 30
arcsec of an extended FIRST source to be a potential match
to that source. The radio positions and morphologies of
these sources were visually checked by utilizing the FIRST
survey field cutout web tool (http://sundog.stsci.edu/),
which we used extensively to reduce the identification error
rate even further. By utilizing the KISS object position,
we can determine if the radio source is sufficiently cen-
tered in the FIRST radio field image. This is enough for
verifying point sources with ∆R > 2.0 arcsec, but the ra-
dio field image also allows us to determine if an extended
source is a radio lobe that has its emission source centered
on the KISS object. In the end, no such lobe sources were
accepted as positive matches.
Out of a possible 2157 KISS ELGs, 184 FIRST radio
matches were verified. Figure 2a shows the distribution of
positional offsets for the matched ELGs. The few matches
beyond 2 arcsec were visually verified. The median value
of the offsets (0.75 arcsec) further strengthens our confi-
dence that ∼ 99% of the matches within 2 arcsec are real
matches.
3.2. NVSS-KISS
The 45 arcsec angular resolution of NVSS requires a
different approach to the positional matching of the KISS
galaxies. Using Digitized Sky Survey (DSS) images of the
KISS field of view, we overlaid NVSS radio contours to
aid our search for true positional matches. Finder fields of
every KISS object with an NVSS radio source within 60
arcsec were generated. Using the intensity contour lines
as guides, we found that the majority of NVSS matches
were visually centered on the optical KISS object. How-
ever, their positional offsets were typically much higher
than the FIRST offsets shown in Figure 2a. Those radio
contours that were not directly centered on an object were
examined to a fainter contour level for a KISS object, un-
less the morphology suggested a more complex lobe struc-
ture. Furthermore, for any source match that we could not
decide upon by eye, we input the radio position into the
FIRST radio field cutout tool. The FIRST images usu-
ally had at least some radio emission above the noise (2
- 3σ), sufficient to decide if the radio source was indeed
associated with the matched KISS object.
The NVSS-KISS comparison found 23 matches that the
FIRST-KISS comparison did not, all of them extended
radio sources. In addition, there are 124 NVSS-KISS
matches that were also found by the FIRST-KISS com-
parison. An additional 60 sources were detected only by
FIRST. By performing the FIRST matches prior to the
NVSS matches, we knew which objects were matched to
FIRST radio sources. We then have more confidence in
our verification of complex or weak NVSS contour lines
around a KISS object. Figure 2b displays ∆R for all NVSS
matched sources. A high fraction of matches (82%) are
found within 8 arcsec, and the median ∆R is 3.45 arcsec.
This low median value increased our confidence in our po-
sitional accuracy. In total, 207 KISS ELGs were matched
to radio sources.
3.3. Radio-flux adjustments
3.3.1. Improving flux measurements
FIRST uses a two-dimensional Gaussian profile to mea-
sure the flux of all FIRST radio sources. This method is
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Fig. 2.— Distribution of the (a) FIRST-KISS and (b) NVSS-KISS positional offsets of verified source matches.
accurate for point sources, but the use of this fixed function
will underestimate the flux of extended FIRST sources,
especially radio lobe sources. To rectify this problem, we
downloaded the public domain FIRST FITS files from the
FIRST website for all apparently extended FIRST sources,
and measured their total (integrated) radio fluxes using
the IRAF PHOT task. Using the IRAF photometry of 28
point source radio galaxies with FIRST integrated fluxes
ranging from 0.8 mJy to 402.0 mJy as calibration sources,
we derived the following relationship:
FIRAF = (10.185± 0.002)Fint (1)
where FIRAF is the flux measured by IRAF in counts, and
Fint is the integrated FIRST flux in mJy. This relationship
was used together with our IRAF-based measurements of
the total radio fluxes to arrive at revised estimates of Fint
for the extended FIRST objects. Of the 19 candidates for
re-measurement, 9 had at least a 10% increase in flux, with
one object having a flux increase from 3.62 mJy to 242.3
mJy after including flux from associated radio lobes. Only
those measurements with an increase of at least 10% had
their fluxes adjusted. Table 1 contains the original and
re-measured flux values.
3.3.2. Comparison of FIRST and NVSS flux scales
In order to combine the matching results from the
FIRST and NVSS samples, we had to determine the re-
lationship between the flux scales of the two surveys. We
compiled a list of all 124 KISS ELG matches that had de-
tections by both FIRST and NVSS. We plot the NVSS flux
versus FIRST flux in Figure 3, as well as the NVSS/FIRST
flux ratio versus the FIRST flux in Figure 4. The flux ra-
tio plot shows a large discrepancy between measurements
of radio sources with FIRST fluxes less than 5 mJy. This
is not unexpected, as extended, low flux galaxies detected
in both surveys will be resolved out by FIRST. In order
to quantify the differences between the FIRST and NVSS
fluxes, we performed a number of statistical comparisons.
In doing so, we constrain the calculations to radio sources
with the flux range of 5 ≤ FFIRST ≤ 60 mJy. This is
because at lower fluxes we get much larger discrepancies
in flux primarily due to the difference in beam size of the
two surveys. At fluxes within our chosen range, which are
more likely point sources, the scaling is far more consis-
tent. The upper limit was chosen to avoid small-number
statistical effects and because the high flux objects tend to
show extreme discrepancies between FIRST and NVSS.
The line shown in Figure 3 is determined by a linear
least squares fit to the galaxies in the flux density range
defined above. The fit yields the equation:
FNV SS = (1.110± 0.024)FFIRST − (0.152± 0.394). (2)
The mean value of the NVSS/FIRST flux ratio using the
same galaxies is found to be µratio = 1.099 ± 0.028, with
a median of 1.061 and a standard deviation of σ = 0.194.
The slope of the linear fit and the mean ratio value agree
to within the errors, as they should.
For consistency throughout the radio-KISS sample, we
chose to adjust the NVSS fluxes to the FIRST fluxes by di-
viding all NVSS-only detected radio sources by 1.10. Any
galaxy that was matched to both FIRST and NVSS re-
tained the FIRST flux value. This is not to imply that the
NVSS fluxes are inferior to the FIRST fluxes. On the con-
trary, they appear to be more accurate, in the sense that
they include more of the extended low surface brightness
emission than does FIRST. However, since FIRST sources
outnumber NVSS detections, we decided to scale the fluxes
to the FIRST scale for subsequent analysis.
3.4. Final Sample
In Table 2, we present the number of KISS galaxies with
FIRST and NVSS radio source matches, broken down by
ELG type. A total of 207 KISS ELGs out of the en-
tire KISS sample of 2157 ELG candidates were success-
fully matched with a radio source from either FIRST or
NVSS. FIRST-KISS matched 184 galaxies while NVSS-
KISS matched 147 galaxies. A total of 60 galaxies were
matched only by the FIRST survey (all low flux sources)
and 23 galaxies were matched only by NVSS (mostly
slightly extended radio sources with lower radio surface
brightness than the rest of the sample). In the cases that
both surveys have sources matched to the same KISS ob-
ject, the FIRST flux has been used in the analysis. All
207 radio-detected KISS galaxies possess follow-up spec-
tra. Note that 10 galaxies are actually high redshift (i.e.
z > 0.3) objects and do not lie within the Hα selec-
tion volume (to z = 0.095). These ELGs were detected
by KISS via their [O III] λλ4959, 5007 A˚ lines, which
had been redshifted into the wavelength range used by
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Fig. 3.— Flux density comparison between galaxies detected by both FIRST and NVSS. The least squares linear fit (see Eq.2) is used to
rectify the different flux scales. Symbols represent different ELG types: Seyfert 1s (squares), Seyfert 2s (filled triangle), starbursts (circles),
and LINERs (open triangle).
Fig. 4.— The ratio of the NVSS to FIRST radio fluxes vs. the FIRST survey flux for the same galaxies plotted in Figure 3. The mean
ratio for sources with FFIRST between 5 and 60 mJy is 1.10.
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KISS. One exception is the QSO KISSR 844, which is at
a redshift of z=0.46 and was detected by Hβ. In order
of contribution to the radio sample, the activity types
of the radio-detected ELGs are: starburst/star-forming
galaxies (63.8%), LINERs (17.9%), Seyfert 2s (15.5%),
Seyfert 1s (2.4%), and QSOs (0.5%). The AGNs (LIN-
ERs, Seyferts, and QSOs) contribute a total of 36.2% of
the radio-detected KISS galaxies, which is substantially
higher than the 14.7% AGN fraction in the overall KISS
sample among those objects with existing follow-up spec-
tra.
While only a relatively small fraction of the KISS star-
forming galaxies have radio detections (132 of 960, or
14%), roughly half of Seyfert 2s and LINERs in the
KISS sample that have been identified via follow-up spec-
troscopy have also been detected as radio sources. Of the
64 Seyfert 2 galaxies identified by KISS, 32 (50%) are de-
tected radio sources. Similarly, of the 76 identified LIN-
ERs, 37 (49%) have radio emission. The large number of
LINERs in relation to the overall sample of radio emit-
ting ELGs is unusual and surprising. Previous deep radio
surveys have typically found only very few LINERs. Fur-
thermore, previous optical objective-prism surveys, tradi-
tionally carried out in the blue portion of the spectrum,
have missed most galaxies we would classify as LINERs.
The combination of the Hα-selection method used by KISS
and the excellent sensitivity of the two radio surveys is pre-
sumably the reason for the high number of LINERs present
in the current sample. Somewhat surprisingly, only 5 of
the 20 identified Seyfert 1s (25%) have associated radio
emission. Note that the numbers above include the high
redshift objects. If these are excluded the disparity be-
tween the two Seyfert classes becomes even worse. For the
Seyferts with z < 0.08, 2 of 11 Seyfert 1s (18%) are radio
detected, as opposed to 21 of 35 Seyfert 2s (60%).
A naive interpretation of the unified model for AGN
(e.g., Schmidt et al. 2001; Meier 2002; Veilleux 2003) would
suggest that Seyfert 1s and 2s would be detected at a simi-
lar rate in the radio continuum, unless beaming effects are
important, in which case the Seyfert 1s would be expected
to be stronger. Yet the Seyfert 2s greatly outnumber the
broad-lined Seyferts in terms of radio detections. The ap-
parent disparity between the fraction of radio detections
in the two types of Seyferts might be explained if some or
all of the radio emission detected in the Seyfert 2s were
due to circumnuclear star-formation activity rather than
being associated with the AGN. A test of this hypothesis
could be achieved by evaluating the spatial distribution
of the radio emission: extended radio emission would in-
dicate a star-forming origin, while a radio point source
would be consistent with pure AGN emission. Evaluation
of the radio maps obtained by FIRST indicate that all of
the KISS Seyfert galaxies detected in the radio are in fact
point sources. None show extended emission. However,
given the typical distance of the KISS Seyferts and the
spatial resolution of the FIRST data, this is not a sensi-
tive test. For example, the 5.4 arcsec FWHM for a FIRST
point source corresponds to a linear size of 7.3 kpc for a
galaxy with z = 0.07. In nearly all cases, any putative
circumnuclear star-forming region would not be resolved
from the central AGN in the FIRST radio maps. Hence,
we cannot resolve the question of whether star-formation
activity is enhancing the radio emission from some of the
Seyfert 2s. It should also be noted that there is no obvi-
ous reason why circumnuclear star-formation should pref-
erentially be favored in the Seyfert 2s over the Seyfert 1s;
the unified model does not predict any such difference.
Clearly, further work in this area will be necessary.
It is worth noting that the percentages quoted in the
preceding paragraph refer to the fraction of KISS ELGs
that currently have follow-up spectra. While 100% of the
radio-detected objects have follow-up spectra (i.e., they
were targeted for observation), only 58% of the entire sam-
ple of 2157 KISS ELGs from the two survey strips studied
have been observed spectroscopically. Hence, the percent-
ages of radio-detected KISS galaxies of all activity types
will go down as the follow-up spectroscopy becomes more
complete.
It should also be noted that since we are using an optical
line-selected galaxy catalog, we do not detect any early-
type, elliptical galaxies. This is in contrast to previous
studies of radio-selected samples where early-type galax-
ies are the dominant radio-emitting galaxy type at this
flux level (Prandoni et al. 2001; Georgakakis et al. 1999;
Magliocchetti et al. 2000; Gruppioni et al. 1999). This is
discussed and addressed further in §5 and §6.
Table 3 presents the primary optical and radio charac-
teristics of all 207 radio ELGs found in this study. The
columns are as follows: (1) KISSR, the KISS ID of the
galaxy as listed in Salzer et al. (2001) and Gronwall et
al. (2004a); (2) RA and (3) Dec, given for equinox J2000.
These are the optical positions tabulated in the survey pa-
pers (Salzer et al. 2001; Gronwall et al. 2004a), and have
precisions of ∼0.25–0.30 arcsec; (4) B: apparent magni-
tude in the Harris B filter (Salzer et al. 2001; Gronwall
et al. 2004a); (5) MB: absolute B magnitude (see below);
(6) LHα: Hα line luminosity in erg/s; (7) S1.4: radio flux
density at 1.4GHz in mJy. If the galaxy was detected in
both FIRST and NVSS, the FIRST flux value is listed. If
only detected by NVSS, the flux is corrected as described
above; (8) P1.4: radio luminosity at 1.4 GHz in W/Hz. The
luminosity is calculated from the distances derived from
the listed redshift value (See § 3.4.1); (9) z: spectroscopic
redshift (corrected for Local Group motion) obtained from
the follow-up spectra; (10) ∆R: the positional offset of the
optical-radio matches in arcseconds. This value is calcu-
lated from the angular distance between the peak optical
emission of the KISS object and the peak radio emission;
(11) Survey match: indicates which radio survey the KISS
object was matched with: F for FIRST only, N for NVSS
only and B for both surveys; (12) ELG type: the activ-
ity type of the ELG as determined from follow-up spectra.
The ELG activity types are as follows; Sy1: Seyfert 1; Sy2:
Seyfert 2; SB: starburst or star-forming galaxy; LIN: Low
Ionization Nuclear Emission Region (LINER); and QSOs.
3.4.1. Luminosity calculations
The absolute magnitudes and luminosities in Table 3
were calculated by using the redshifts obtained through
follow-up spectroscopy. The typical error for our spectro-
scopic redshifts is ±30 km/s. For all distance-dependent
quantities, we assume Ho = 75 km/s/Mpc and qo = 0.5.
Distances were derived from the observed redshifts, as-
suming a pure Hubble flow and after correcting for the
8 Low-Frequency KISS
Fig. 5.— Redshift distribution of (a) radio and (b) non-radio detected ELGs in the KISS sample. The bimodal distribution is due to the
low-density regions at roughly z = 0.045 in both survey strips. The median redshift is essentially the same for both samples, and the two
redshift distributions are statistically indistinguishable.
motion of the sun relative to the center of mass of the
Local Group (vcorr = vhelio + 300 sin l cos b). The Hα
luminosities were calculated from the Hα flux measured
from the objective-prism spectra (Salzer et al. 2001). This
was done to remove slit/fiber effects which lead to the po-
tential for loss of flux with some of our follow-up higher
resolution spectroscopy. Use of the objective-prism Hα
fluxes provides a uniform, homogeneous data set to work
with, but requires us to correct for the additional flux
contributed by the nearby [N II](λλ 6583, 6548 A˚) lines
that are blended with Hα in the objective-prism spec-
tra. Additionally, we correct for intrinsic absorption due
to dust using the Balmer decrement coefficient measured
from follow-up spectra.
4. radio properties of the kiss elgs
In this section, we present a breakdown and comparison
of the optical characteristics between the radio and non-
radio detected KISS ELGs, as well as the radio properties
of the radio-detected sample. We also explore the metal-
licity and line ratio characteristics of the two samples in
an effort to better understand what physical differences lie
between radio and non-radio emitting ELGs.
4.1. Comparison Between Radio and Non-Radio ELGs
The KISS data set provides us with a tremendous op-
portunity to study in detail the physical characteristics of
radio-emitting galaxies that possess strong emission lines
and compare them to the remainder of the KISS sample
that was not radio detected. While obtaining redshifts and
distances to galaxies selected in optical emission-line sur-
veys is a trivial matter, it is much more difficult for objects
discovered in radio surveys. Only through obtaining spec-
troscopy of the radio sources’ optical counterpart can ac-
curate distances be obtained. However, these optical coun-
terparts are typically extremely faint, when detected at all.
In the current study we resolve this problem by consider-
ing the radio characteristics of a deep sample of optically-
selected ELGs (with its built-in redshift limit) rather than
the optical characteristics of a radio flux-limited sample.
In this case, the optical matches are all relatively bright,
most with B magnitudes 18.5 or brighter.
Figure 5 shows the redshift distribution of the (a) radio
and (b) non-radio ELGs. The decrease in the numbers of
galaxies at z ≈ 0.045 is due to the Boo¨tes void that is
present within the 43 degree strip, and a corresponding
low-density region at approximately the same distance in
the 30 degree strip. The redshift distribution of the non-
radio-detected sources (Figure 5b) increases steadily out
to z ≈ 0.075, after which it falls off to zero at z ≈ 0.095.
This cut-off in the sensitivity of the survey is caused by
the filter employed in the objective-prism observations. At
redshifts above z ≈ 0.075, the Hα line starts to redshift out
of the filter bandpass (Salzer et al. 2000). Those ELGs
with the strongest Hα emission lines are preferentially de-
tected at the higher redshifts as the filter will cut off weaker
emission. This explains the drop off at z > 0.075 as a com-
pleteness effect. Below this redshift the survey is highly
complete, but at higher redshifts it misses some percent-
age of weaker-lined ELGs. Not shown in Figure 5 are the
approximately 2% of all ELGs in the KISS survey that are
located at z > 0.3. These objects are detected by some
line other than Hα in the bandpass of the objective-prism
spectra (typically [O III]λ5007, Hβ, or Hγ).
The two redshift histograms appear to be quite simi-
lar, as are the median values of the redshift distributions
(z = 0.060 and z = 0.064 for radio and non-radio, respec-
tively). We might infer that the two sets of redshifts are
drawn from the same parent population. Applying a KS
test to the data confirms this suspicion at the 99% con-
fidence level: the radio and non-radio ELGs exhibit the
same redshift distributions.
The apparent magnitude distribution (Figure 6) shows
that the radio ELGs are brighter objects (median = 16.80)
than ELGs without radio emission (median = 18.22). This
is a real effect, as KISS is sensitive to faint dwarf ELGs,
shown by the tail of counts at B ≥ 20 in Figure 6b. Few
galaxies with B > 18 are radio detected, and those that
are tend to be the high redshift objects (z > 0.3) men-
tioned above. Approximately half of all ELGs brighter
than B = 16 are radio detected. In contrast, the typical
optical counterparts to faint radio sources tend to be very
faint. The reason the KISS radio sources are so bright is
due to the redshift limit imposed by the survey filter com-
bined with the fact that radio-emitting galaxies tend to be
fairly luminous (see below).
A better representation of the physical characteristics of
the galaxies that are being detected in the radio is found
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Fig. 6.— Apparent B magnitude of (a) radio and (b) non-radio detected ELGs. The radio ELGs contain the brighter portion of the overall
KISS population and have a median 1.35 mag brighter than the remaining ELGs.
Fig. 7.— Absolute B magnitude comparisons. The radio ELG population makes up a large percentage of the optically most luminous
portion of the overall KISS sample. No low luminosity galaxies (i.e. dwarf galaxies) of MB > −17 have radio detections.
in Figure 7, which plots histograms of the absolute mag-
nitude MB . There are two particularly interesting fea-
tures of note. First, the radio population is much more
luminous than the non-radio. Figure 7a shows that the
radio-detected ELGs display a relatively tight distribution
of absolute B magnitudes with a median value of -19.89
mag. The median MB is 1.02 mag brighter than for the
non-radio KISS ELGs. The more luminous, and hence,
more massive galaxies of the sample are the radio emit-
ters (Condon 1992). However, there is a sharp cut-off at
the high luminosity end. There are very few galaxies more
luminous than MB = −21, and most of these are high red-
shift objects (z > 0.3). Thus, no exceptionally luminous
galaxies have been radio detected within the Hα-selected
KISS survey volume.
Second, Figure 7b shows a low-luminosity tail at MB ≥
−17, which represents the many dwarf ELGs that KISS
detects within our volume. However, within the radio dis-
tribution, there are no galaxies fainter than MB > −17,
and only a few with MB > −18. To emphasize the lack
of galaxies with low optical luminosities within the radio-
detected sample, consider that a galaxy with P1.4GHz =
1021 W/Hz would be detectable out to a redshift of z
= 0.023 by FIRST. There are 130 KISS ELGs with z ≤
0.023. Of these, 42 have MB brighter than −18, and 15 of
these (35.7%) are radio detected. The remaining 88 have
MB fainter than −18, and only two are radio detected
(2.3%). If the low-luminosity ELGs were detected in the
same proportion as the higher-luminosity sample, there
should be 31 radio detections in the former sample. If the
low-luminosity ELGs, which are all star-forming objects,
were detected at the same percentage as the overall pop-
ulation of KISS star-forming galaxies (13.75%, see section
3.4), there would still be 12 with radio detections. A pos-
sible implication for the low proportion of dwarf galaxies
within the KISS radio sample is that these low luminosity,
low mass galaxies are not massive enough to produce a
galactic-scale magnetic field of sufficient strength to con-
fine the starburst’s relativistic charged particles that give
rise to radio synchrotron emission. This point is discussed
further in Section 4.2
A good measure of the level of star-formation within an
ELG is the strength of certain emission lines, especially
Hα. In Figures 8 and 9 we show the distribution of equiv-
alent widths and Hα luminosities, respectively, for both
the radio and non-radio sub-samples. The distribution
of equivalent widths reveals a selection effect inherent in
KISS (Salzer et al. 2000, 2001) where the survey is incom-
plete at low equivalent widths (EW < 30 A˚). This is seen
in Figure 8b, where the distribution peaks at ∼30 A˚. Fig-
ure 8a reinforces the fact that radio emission favors high
luminosity galaxies (Kellerman & Owen 1988; Figure 7),
which tend to correspond to lower equivalent widths. The
median equivalent width of the radio sub-sample is 29.2
A˚, compared to 42.7 A˚ for the non-radio ELGs. Figure
9 shows that strong radio emission tends to be associated
with high Hα luminosities. The median LHα value for the
radio subset is a factor of 5 greater than the non-radio
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Fig. 8.— Equivalent widths of the Hα emission line from the objective-prism spectra for (a) radio and (b) non-radio ELGs.
Fig. 9.— (a) Radio and (b) non-radio ELG Hα line luminosities.
ELGs. Discussion of the relationship between LHα and
radio power is deferred to a future paper which presents
the IRAS FIR properties of the KISS ELGs and compares
star-formation rate estimates derived from FIR, radio, and
Hα luminosities (Gronwall et al. 2004c).
4.1.1. Line Diagnostic Diagrams
The follow-up spectroscopy obtained for the KISS ELGs
allows us to generate diagnostic diagrams of all galaxies
with spectra of sufficient quality to obtain line ratios. Fig-
ure 10 displays a diagnostic diagram for both the radio-
detected and full KISS samples. Plotted is the ratio of
[OIII]/Hβ vs. the ratio of [NII]/Hα. Different symbols
denote different types of active galaxies: Seyfert 2 galax-
ies (filled triangles), LINERs (open triangles), and star-
forming galaxies (filled circles). While star-forming galax-
ies typically lie along the HII sequence, AGNs have line
ratios of Log([NII]/Hα) > −0.4 and lie above and to the
right of the star-forming galaxies. Seyfert 2s are located
at high values of [OIII]/Hβ (> 3), while the LINERs are
located between the Seyferts and starburst galaxies (Bald-
win, Phillips, & Terlevich 1981; Veilleux & Osterbrock
1987).
Figure 10b shows all the KISS ELGs with follow-up
spectroscopy of sufficient quality to measure the necessary
line ratios. While not all the KISS ELGs have follow-up
spectra, all of the radio subset have follow-up spectra and
are represented in Figure 10a. The distribution of Seyferts
and LINERs in the two diagrams is very similar. This
should not be a surprise, since a large fraction of the over-
all KISS AGNs are radio detected. As mentioned above,
50% of both the Seyfert 2s and LINERs identified in KISS
are detected as radio sources. The radio-detected star-
burst galaxies are concentrated toward the high luminos-
ity, high metallicity end of the HII sequence, while the full
KISS sample populates the sequence more uniformly. As
mentioned previously, starburst galaxies with detectable
radio sources are generally limited to higher luminosity
galaxies. These relatively high mass galaxies have high
metallicities, which place them in the lower right section
of the HII sequence (Melbourne & Salzer 2002). Com-
pared to the full KISS sample, which spans the full range
of metallicities observed in galaxies, the radio sample in-
cludes only a modest number of intermediate metallicity
ELGs (central portion of the HII sequence) and no low
abundance objects (upper left portion of the sequence).
4.2. Radio Characteristics
Due to the extremely faint (in the optical) nature of
many of their constituents, early radio-optical surveys
(Windhorst et al. 1985; Benn et al. 1993) experienced diffi-
culty obtaining spectroscopy for the majority of their sam-
ple. Thus, these surveys dealt primarily with the radio flux
aspect of the sources. Recently, radio samples have been
constructed for which follow-up spectroscopy for most, if
not all, galaxies could be obtained (Prandoni et al. 2001;
Sadler et al. 2002; Yun, Reddy & Condon 2001). Con-
sequently, radio luminosities and activity types could be
derived for the majority of the galaxies, providing a more
complete understanding of the nature of the galaxies con-
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Fig. 10.— Line diagnostic diagrams of the (a) radio-detected subset (145 ELGs) and (b) entire KISS sample with high quality follow-up
spectroscopy (633 ELGs). ELGs with follow-up spectroscopy of insufficient quality to measure all four emission lines (Hα, Hβ, [N II], and [O
III]) are not displayed. Symbols represent Seyfert 2s (filled triangles), LINERs (open triangles), and starbursts (circles).
tained in the sample. All of the galaxies in the current
study have redshifts and detailed spectral data available.
Figures 11 and 12 show the distribution of integrated
radio fluxes and radio luminosities of all 207 radio-KISS
ELGs. The majority of the sample lies in the 1 - 10
mJy flux range, similar to Kron et al. (1985) and Wind-
horst et al. (1985). Due to the volume limits imposed
by our filter and optical selection method, we do not
need to go to sub-mJy fluxes (Benn et al. 1993; Geor-
gakakis et al. 1999; Gruppioni et al. 1999; Prandoni et
al. 2001) to obtain a substantial sample of nearby, low-
luminosity radio-emitting star-forming galaxies. In Figure
11, there are galaxies with integrated fluxes below 1.0 mJy.
While FIRST has a stated flux limit of 1.0 mJy, the in-
tegrated flux density of FIRST sources can drop slightly
below 1 mJy. Those galaxies in Figure 11 with relatively
high fluxes (S1.4GHz ≥ 100 mJy) include one very nearby
LINER, NGC 4278 (KISSR 29, z=0.0020), the nearby gi-
ant irregular NGC 4449 (KISSR 1307, z=0.00063), and
two high redshift Seyfert 2s (KISSR 1304, z=0.3481 and
KISSR 1561, z=0.3380), which have radio luminosities
typical of classic radio galaxies. The rarity of high flux
sources in the main KISS volume (z < 0.095) shows how
uncommon it is to find extremely bright sources locally.
This point will be discussed further when we present the
radio luminosity function for the KISS sample in §5.
The radio power distribution (Figure 12) shows a narrow
distribution, with a median value of P1.4GHz = 1.63×1022
W/Hz. There are 15 galaxies with radio powers less than
3 × 1021 W/Hz, which represent the low end of the radio
luminosity distribution. All are classified as star-forming
galaxies. At the other extreme, there are 27 galaxies with
radio luminosities greater than 5× 1022 W/Hz. However,
10 of these galaxies have high redshifts (z > 0.095) and
are not within the main survey volume. These are repre-
sented by the heavy histogram in Figure 12. They will not
be included in any further analysis in this paper because
they were not detected via the Hα emission line, but by
redshifted [OIII]λ5007 A˚ or Hβ emission lines. This high-
z population is composed of seven Seyfert 2s, two Seyfert
1s, and one QSO. They are good examples of the radio-
loud galaxies typically found in standard flux-limited radio
surveys. Excluding these high redshift galaxies, we have
a relatively well-defined upper limit to our radio luminos-
ity distribution; only three galaxies have P1.4GHz ≥ 1023
W/Hz. Within the KISS volume, we find that there are
no prototypical “radio galaxies” (Condon 1992) like those
found in standard flux-limited surveys. In such surveys,
these extremely luminous galaxies are easy to detect out
to great distances, but as we show in Figure 12, they are
not the most common type of radio emitting galaxy in
the local universe. These radio-loud objects are analo-
gous to O stars in stellar populations, easy to detect due
to their high intrinsic luminosity, but very rare within a
galactic disk. The radio ELGs we observe, on the other
hand, are analogous to G, K, and M type stars, far less
luminous, but much more common in the local volume. In
flux-limited surveys the radio-loud galaxies are being over-
sampled, while the more common radio galaxies are under-
represented. This is just an example of the Malmquist
effect that is seen in flux-limited stellar surveys. Our re-
sult implies that we have greatly reduced the sample bias
caused by the Malmquist effect and are detecting mostly
“normal” radio-emitting galaxies within the KISS volume.
Further insight into the physical properties of this sam-
ple can be obtained through the direct comparison of the
radio power and absolute magnitude for the KISS galaxies
(Figure 13). Galaxies are plotted using different symbols
based on their activity types, as indicated by the legend to
the figure. Objects with high redshifts, which tend to be
the most luminous objects, are circled in the plot. A weak
but definite trend of increasing radio power with increas-
ing optical luminosity is seen in the low redshift sample.
Linear least-squares fits were calculated for each of the
various types of ELGs within our sample (excluding the
Seyfert 1s, which are too few in number to give a reliable
fit). The fits we calculate for the Seyfert 2s, LINERs, and
starbursts are:
Sy2 : log(P1.4GHz) = (−0.20± 0.11) ·MB + (18.49± 2.11)
(3)
SB : log(P1.4GHz) = (−0.32± 0.04) ·MB + (15.71± 0.80)
(4)
LINER : log(P1.4GHz) = (−0.27±0.10)·MB+(16.77±1.93)
(5)
The galaxies appear to follow a linear relationship,
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Fig. 11.— Distribution of the radio flux densities of the combined FIRST and NVSS detections for KISS ELGs.
Fig. 12.— Radio power distribution for the radio ELG sample. All galaxies represented by the heavy histogram have redshifts greater than
the Hα selection limit (z > 0.095).
Fig. 13.— Radio power vs. optical absolute magnitude. The correlation does not appear to be very strong, however, a definite trend
does exist among the ELG types. The lines are the fits to the starburst (dashed), Seyfert 2 (solid), and LINER (dashed-dotted) populations.
Circled symbols represent objects detected at z > 0.095 and are not included in the linear least-squares fits.
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Fig. 14.— Radio flux density versus B magnitude; lines represent constant radio to optical ratio (see Eq. 6). The symbols represent the
same ELG types as described in Figure 10 and include Seyfert 1s (filled squares) and one QSO (open square).
though not as tight as the well-documented radio power-
FIR relationship (Condon 1992; Yun, Reddy & Condon
2001). There is also a modest trend toward more luminous
galaxies in the optical being more luminous in the radio
wavelengths. The fits of the starburst and LINER compo-
nents of the sample are almost identical, while the Seyfert
2s tend toward slightly higher radio powers. All fits are
the same within the formal uncertainties, due to the scat-
ter of each type of galaxy about the mean relation. These
fits do not include the high z Seyferts, represented by the
circled symbols. A possible cause for the very similar fits
between the starburst and LINER populations is that the
LINERs we detect as radio sources may be driven more by
star-forming activity than AGN activity. However, this is
purely speculative. Moreover, given the small difference
between the Seyfert 2 and LINER fits, the alternative hy-
pothesis that the LINERs share the same activity source
as the Seyferts remains plausible. It is worth noting that
few surveys of this type have detected such a large LINER
population. Multiwavelength observations of the current
sample of KISS LINERs may be useful in unraveling the
enigmatic nature of these objects.
An unexpected result from our survey is that of the
comparative distribution of ELGs by type. One might ini-
tially expect AGNs to dominate at higher radio power or
at higher optical luminosities and starbursts to be concen-
trated near the fainter end, but Figure 13 shows this is not
the case. The distribution of each type of ELG appears
quite similar. This means that while Seyferts typically are
more luminous when compared to starburst ELGs, this
is not necessarily the case in the radio wavelengths. The
same is true for LINERs. Another interesting result is
that at lower radio and optical luminosities, the number
of galaxies dwindles, and then abruptly drops to zero. This
is not due to a lack of galaxies at those optical luminosi-
ties within the KISS volume. On the contrary, there are a
large number of lower luminosity and dwarf galaxies that
have been classified as actively star forming, but do not
appear to have detectable radio emission. This could sug-
gest that radio emission at sufficient levels to be detected
by FIRST or NVSS is only possible beyond a certain lu-
minosity threshold. Since the 1.4 GHz emission from star-
forming galaxies is dominated by synchrotron radiation
which requires a galactic-scale magnetic field, it is possi-
ble that these low-luminosity galaxies with starbursts and
star-forming regions do not emit in the radio due to a lack
of a sufficiently strong magnetic field. Therefore, while
ELG type may not constrain the radio luminosity of a
galaxy, the mass of the host galaxy may.
Another analysis tool we employ is the comparison of
radio flux densities against the B magnitudes. Such a plot
is shown in Figure 14 for the full KISS sample. Superim-
posed are lines representing constant values for the radio-
to-optical ratios, R, defined by Condon (1980) as
R = S1.4 · 100.4(B−14.2) (6)
where B is the apparent magnitude. The equation is offset
in the exponent from the original equation derived by Con-
don to better compare our B filter magnitudes to the red
and near-IR filters employed by Prandoni et al. (2001) and
Yun, Reddy & Condon (2001). Our results show a strong
clustering of galaxies in the range of 1.0 < S1.4 < 6.3
mJy and 10 < R < 100. Again, we see that the vari-
ous types of ELGs overlap each other in the diagram. To
be sure, the objects with R ≥ 100 have tendency to be
AGNs (10 of 17 low redshift objects and 8 of 8 high red-
shift (circled) objects). However, between R = 10 and 100,
Seyferts, LINERs, and starbursts are coincident in the di-
agram, showing that despite the differences in the origin
of the radio emission, the various ELG types exhibit radio
emission of similar strength. Below R = 10, the majority
of the objects are starbursts (16 of 22), although a few
Seyferts and LINERs exist.
As previously noted, the flux limit of FIRST is not
deep enough to directly explore the sub-mJy regime that
Georgakakis et al. (1999), Gruppioni et al. (1999), and
Prandoni et al. (2001) cover, but with the relatively high
density of local radio-detected galaxies, we believe we are
detecting the same population of lower radio luminosity
galaxies found at these sub-mJy fluxes. For example, con-
sider the spectroscopic follow-up data given by Gruppioni
et al. (1999). They attempt to ascertain the nature of the
sub-mJy population of the Marano Field from a sample
of 68 faint radio sources (S > 0.2 mJy). They were suc-
cessful in obtaining redshifts and activity classes for 34 of
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these objects. If we examine only their late-type spiral
class, which equates to our starburst or star-forming class
and accounts for 11 of the 34 objects, the redshift range
is 0.154 ≤ z ≤ 0.368. The flux range of these galaxies
is 0.28 ≤ S1.4 ≤ 0.60 mJy, with one brighter galaxy at
S1.4 = 1.71 mJy. Considering that all these galaxies lie
beyond the KISS redshift range, if we were to scale their
distances to the median redshift of our sample, the ob-
served flux would be well above our detection limit, and
brighter than many galaxies in our sample, regardless of
type. One late-type galaxy with a radio flux of S1.4 = 0.28
mJy, an optical magnitude of V = 18.48, and a redshift of
z = 0.255, is 2.4 times as far as the KISS volume limit of
z = 0.095. If the object is scaled to this limiting redshift
it would have an observed flux of 1.6 mJy, well within the
detection range of FIRST or NVSS and easily detectable
as an ELG by KISS. Thus, if this object is a typical sub-
mJy detection for flux-limited surveys, we are apparently
detecting the same population of galaxies.
As another example, we detect the starbursting and
star-forming late-type galaxy population that dominated
at the sub-mJy flux level detected by Prandoni et al.
(2001) within the same R range. The majority of AGNs
detected by Prandoni et al. (2001) are also within 10 <
R < 100, as are the majority of radio-KISS sample AGNs.
When we ignore the high redshift galaxies, indicated by the
circled symbols, we find that no radio-detected KISS ELG
has an R ≥ 1000 and only a handful have R ≥ 100. This
is the regime that is found to be dominated by early-type
galaxies, which are detected in large numbers by Prandoni
et al. (2001). However, within our volume of z ≤ 0.095,
they detect only 2 early-type galaxies. Thus, the domina-
tion of early-type galaxies in the mJy regime may be due
to the Malmquist effect, in which these luminous galaxies
are detected en masse at higher redshift but may not be
at all common in the local volume. Amplifying this effect
is the observed cosmic evolution of radio galaxies, whose
volume density increases with increasing redshift (Condon
1989). During the process of matching the radio catalogs
with optical KISS counterparts, many strong radio sources
were found within the KISS fields that were not associ-
ated with an ELG but did have optical counterparts, most
of them faint objects. Either these objects possess emis-
sion lines that are fainter than the optical detection limits
of KISS, they lie at redshifts beyond 0.095, or they are
early-type galaxies with strong radio sources but weak or
absent emission lines. Work has begun in obtaining spec-
tra for the brighter radio objects within the KISS fields.
Preliminary results indicate that many are indeed early-
type and most likely elliptical galaxies, although most lie
at redshifts beyond 0.095. Once these objects have all
been observed spectroscopically we will be able to account
for this missing population in the radio luminosity func-
tion within the KISS volume, leading to a truly complete
volume-limited luminosity function (see below).
5. the local radio luminosity function at 1.4ghz
A useful way to visualize the make-up of any extragalac-
tic sample of objects is through the construction of that
sample’s luminosity function (LF). The KISS ELG sample
is particularly well suited for this task, since its complete-
ness limits and selection function are both well understood
and readily quantified using the survey data. Due to the
digital nature of the survey, KISS is superior in this re-
gard when compared to previous objective-prism surveys
for active galaxies carried out using photographic plates.
The calculation of the radio luminosity function (RLF)
for the KISS ELGs is dependent on the careful definition
of the limiting volumes of each galaxy in our sample. Each
galaxy has associated with it three different selection limits
which reflect the ability of both the KISS and radio sur-
veys to detect it. They are the limiting emission-line flux
level of KISS, the filter-imposed redshift limit of KISS, and
the radio flux limit of either FIRST or NVSS (whichever
is appropriate). The relevant volume that defines the con-
tribution of each source to the RLF is determined by a
multivariate selection function, defined by these three ob-
servational limits. Specifically, the three limiting volumes
are (1) the limiting optical volume, Vopt, which is depen-
dent on the completeness limit of the sample in the optical,
the absolute brightness of the galaxy determined from the
emission-line intensity, and the redshift of the galaxy; (2)
the volume limit of KISS, VKISS , which is imposed by
the Hα filter bandpass; and (3) the limiting radio volume,
Vrad, which is set by the radio flux limit of the survey from
which the flux was measured (either FIRST or NVSS) and
the derived radio power of the source. The volume set by
each of these limits is computed from the maximum dis-
tance that a galaxy could have and still be detected by
each technique. The final volume used for each galaxy in
the RLF computation is the smallest of the three volumes
described above. These volumes are then used to calculate
the space density within each luminosity bin of the RLF.
For most luminosity functions that are derived from a
flux-limited sample, correcting for the lack of completeness
in the sample is necessary in order to accurately portray
the volume densities of galaxies in the sample. This is
particularly true for low luminosity galaxy samples that
usually suffer from incompleteness. This incompleteness
is minimized in the KISS RLF, due to the nature of the
survey. The majority of the radio-detected sources have
VKISS as their minimum volume. However, the limiting
redshift set by the KISS filter is not a hard limit. As is
seen in Figure 5, the number of galaxies in the survey be-
gins to drop at z > 0.085. This is due to the fact that
galaxies with weaker emission lines start to drop out of
the sample as their lines redshift out of the bandpass of
the objective-prism data (Salzer et al. 2000). To ensure
the most complete sample possible for the calculation of
the RLF, we use only objects with z ≤ 0.085, which to-
tals 184 galaxies. This eliminates the 10 high z galaxies
from the sample (which we would have excluded anyway),
as well as 13 galaxies with redshifts between z = 0.085
and 0.095. All of these latter galaxies have radio lumi-
nosities very near the median value, meaning that we are
not biasing the resulting RLF by excluding these sources.
In addition, we have removed two ELGs with very small
redshifts (z < 0.0025) since their small limiting volumes
cause them to make inappropriately large contributions to
the computed volume densities in their respective lumi-
nosity bins. Hence, the total sample used for the RLF
derivation is 182 KISS ELGs.
We adopt the cosmology of H0 = 75 km s
−1 Mpc−3 and
ΩM = 1.0, ΩΛ = 0, and Ωk = 0 for a flat, Λ = 0, uni-
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Fig. 15.— Radio luminosity function (RLF) derived for the KISS ELGs in the local volume of z ≤ 0.085. The filled circles and solid line
show our own data and the associated Schechter function fit. The squares and dashed line show Yun, Reddy & Condon (2001) data and
associated Schechter fit for low luminosity galaxies. The triangles represent the RLF from Sadler et al. (2002).
verse throughout all our calculations. These choices allow
us to directly compare our RLFs with RLFs from previ-
ous papers. The space density at each luminosity bin is
calculated via the 1/Vmax method (Schmidt 1968). We
compute VKISS , Vopt, and Vrad for each source and sub-
stitute the smallest of these quantities for Vmax to obtain
the final limiting volume for a particular galaxy. Using our
adopted KISS redshift limit of 0.085, the limiting KISS
volume (VKISS) for the luminosity function is computed
to be 2.1 × 105 Mpc3. This is the maximum volume for
any galaxy within our survey. The calculation of Vopt is
based on the observed emission-line flux of each source, as
measured from the objective-prism spectra. Using the line
fluxes for the full KISS sample, we have derived a com-
pleteness limit for the survey, which is used to evaluate
the maximum distance out to which each source can be
detected based on its line strength. This distance is then
used to compute Vopt. Full details, including the deriva-
tion of the limiting line flux of the KISS sample, is given
in Gronwall et al. (2004b). The radio visibility function
is calculated by solving for the distance to the galaxy in
terms of the radio luminosity and calculating the radio
visibility for each galaxy via






where Vrad has units of Mpc
3, P1.4 is in units of W/Hz,
and Slim is the radio flux limit for the galaxy. If the galaxy
is detected by both FIRST and NVSS or only by FIRST,
Slim = 1.0 mJy. If detected only by NVSS, Slim = 2.5
mJy.
Once all three selection limits are taken into account,
each of the 182 KISS ELGs included in the RLF cal-
culation is assigned into one of three subsamples. The
KISS volume-limited subsample, where the volume is set
by VKISS , includes 98 objects (54% of the total). The
radio-flux-limited subsample accounts for an additional 66
ELGs (36%). The smallest subset is the optical emission-
line-flux-limited subsample, which comprises only 18 ob-
jects, or 10% of the overall sample.
Since we employ the 1/Vmax estimator for computing
our luminosity functions, we are susceptible to variations
in the large-scale structure (LSS) within our survey vol-
umes. In particular, the second survey strip includes a
section of the Boo¨tes void. One might assume that the
presence of this low-density region will reduce the overall
amplitude of our RLF. However, we stress that the void
covers less than 4% of the volume of the 2nd survey strip
(Gronwall et al. 2004a), and hence less than 2% of the over-
all volume used for computing the current RLF. Further-
more, the depth of the KISS survey ensures that variations
in the LSS are effectively averaged over since the survey
samples the galaxian distribution over at least a few coher-
ence lengths. Therefore, we do not believe that LSS vari-
ations are dramatically affecting our RLF. This belief is
supported by our computation of an optical LF for the first
survey strip (Gronwall et al. 2004b) using both the 1/Vmax
method and the inhomogeneity-independent Lynden-Bell
“C” method (Lynden-Bell 1971; de Lapparent, Geller,
& Huchra 1989). The LFs computed via the two inde-
pendent methods were indistinguishable in terms of their
shapes, suggesting that LSS variations are not causing sig-
nificant problems when only the 1/Vmax method is used.
Figure 15 shows the derived KISS RLF, plotted as filled
circles. For comparison, we also plot the RLFs derived
by Yun, Reddy & Condon (2001) (henceforth YRC, open
squares) and Sadler et al. (2002) (henceforth S02, open
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Fig. 16.— KISS RLF derived for the starburst galaxies only (filled circles). The additional RLFs and Schechter fits plotted are the same
data sets as described in Figure 15.
triangles). The YRC sample is derived from a correlation
of the NVSS with a catalog of IRAS-detected galaxies,
and includes 1809 galaxies with redshifts as high as 0.16.
Hence, it is selected via a combination of the IRAS and
NVSS selection functions and flux limits. The S02 sample
represents those galaxies from a subset of the 2dF redshift
survey detected by NVSS, and consists of 757 galaxies with
redshifts out to 0.44. The selection function for this sam-
ple is thus a combination of the NVSS and 2dF limits (see
S02). The S02 RLF has been corrected to H0 = 75 km
s−1 Mpc−3. The solid line in Figure 15 represents the
Schechter (1976) function fit to the KISS RLF, while the
dashed line is the Schechter function fit to the lower lumi-
nosity galaxies only (P1.4 < 10
23.2 W/Hz) of YRC. The


















The parameters ρ∗ and L∗ are the characteristic density
and luminosity of the population and α describes the faint-
end power-law slope for L << L∗. Figure 16 shows the
RLF for just the KISS star-forming galaxies, along with
the same RLFs from YRC and S02 for comparison. The
volume densities from both KISS RLFs are listed in Table
4, along with the corresponding numbers for the AGNs
(not plotted separately). The formal errors listed in the
table and illustrated in the two RLF plots are based on√
N uncertainties in each luminosity bin. Table 5 lists
the Schechter parameters for the full radio sample and the
starburst-only RLFs, along with the values obtained from
the fit to the YRC data. We do not attempt to fit the S02
RLF, as it does not appear to be well represented by the
shape of the Schechter function.
The full KISS galaxy RLF (Figure 15) agrees well with
the RLF for the IRAS-NVSS sample of YRC. Below P1.4 =
1022 W/Hz the two RLFs lie on top of each other. Above
P1.4 = 10
22 W/Hz the KISS RLF exceeds that of YRC
by a modest amount out to the last point plotted at P1.4
= 1023.2 W/Hz. Most of the excess between the KISS
and YRC RLFs above P1.4 = 10
22 W/Hz is probably due
to sample differences. The IRAS-based sample of YRC
is made up predominantly of star-forming galaxies (∼99%
according to YRC), while the KISS radio-detected sam-
ple includes a large contribution from AGNs. Fully 33%
of the redshift-restricted sample of 182 galaxies used to
derive the KISS RLF are AGNs. When the RLF is com-
puted for the star-forming galaxies alone (Figure 16), the
YRC and KISS RLFs agree even more closely. In both
cases, the YRC RLF reaches to higher radio luminosities
than does the KISS sample. This is most likely due to the
fact that the KISS sample is truncated in redshift. This
redshift limit greatly restricts the distance and hence the
volume that KISS is probing, meaning that KISS is not
sensitive to the relatively rare radio-luminous objects. As
seen in Figure 12, there are in fact KISS galaxies with P1.4
> 1023.5 W/Hz. However, these are all higher redshift ob-
jects that are not part of the quasi-volume-limited sample
being used to construct the RLF. There are no radio loud
galaxies within the KISS volume that have emission-line
strengths high enough to be selected by KISS. The YRC
sample probes roughly twice as deep in redshift and de-
tects some rare radio luminous starburst galaxies at P1.4
> 1023.5 W/Hz.
The similarities and differences between the KISS and
YRC RLFs are echoed in the Schechter function parame-
ters listed in Table 5. For the full KISS RLF, the Schechter
fit exhibits both a shallower faint-end slope and a some-
what higher value for L* than the YRC data. The latter
is almost certainly due to the significant contribution from
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the AGNs to the KISS RLF. When the AGNs are removed
and only the KISS star-forming galaxies are considered,
the faint-end slope α more nearly agrees with the value
derived from the YRC sample; they are consistent with
each other within the uncertainties. Note that the value
of L* for the KISS star-forming RLF is poorly constrained
by the data and must be treated with caution since the
formal value for L* is located at the highest-luminosity
bin in the RLF. In general the uncertainties in all of the
fitting parameters are higher for the KISS RLFs than the
YRC RLF, due to the smaller number of objects present
in the KISS radio sample.
The situation is different for the comparison between
the KISS and S02 RLFs. The latter exhibits a shallower
faint-end slope than either the KISS or YRC RLF, and
lies significantly below the other two at low radio powers.
However, the S02 and KISS functions agree quite well at
intermediate luminosities (between P1.4 = 10
21.4 W/Hz
and P1.4 = 10
23.2 W/Hz). Then, at radio powers above
1023.2 W/Hz, the S02 RLF greatly exceeds both the KISS
and YRC functions. The S02 sample is derived from the
deep 2dF redshift survey, and includes objects out to z =
0.438. The majority of the S02 sample are AGNs, partic-
ularly those with redshifts beyond z = 0.15 where ∼90%
of their radio detections correspond to AGNs. Because
of the large volumes covered by the S02 sample, they de-
tect many more of the rare radio-loud galaxies that are
largely excluded by the redshift limit of KISS. Thus, while
S02 appears to be under-sampling the radio population at
low powers, it is quite sensitive to the very powerful radio
galaxies. The large differences between the YRC and S02
RLFs at P1.4 > 10
23 W/Hz emphasizes the fact that es-
sentially all radio-loud objects in the universe are AGNs.
Note that when the S02 sample is broken down into AGNs
and star-forming subsamples, the RLF for the star-forming
galaxies does agree well with the KISS starburst RLF at
low and intermediate luminosities (see Figure 15 of S02).
One might be concerned that the KISS sample may
be missing substantial numbers of radio sources that lie
within the survey volume but which have either weak or
no emission lines. After all, a large number of radio-loud
galaxies exhibit spectra characteristic of elliptical galax-
ies. However, since the KISS RLF agrees well with both
the YRC and S02 RLFs in the radio power range covered
by KISS, it would appear that this is not a substantial
problem below P1.4 = 10
23.2 W/Hz. At higher radio lu-
minosities, the volume densities found by S02 are below
10−5 Mpc−3 per luminosity bin. Since the volume limit
of KISS is ∼2 × 105 Mpc3, the number of radio sources
that might be missed by KISS is ∼2 or less in each of
the luminosity bins of Figure 15 (∼5 – 6 galaxies total).
Hence, the KISS RLF is essentially undetermined for P1.4
> 1023.2 W/Hz. It would clearly be of interest to know
more precisely which radio sources in the KISS volume
are missed by the optical objective-prism survey, and what
their properties are. For example, Miller & Owen (2002)
found a large population of cluster galaxies that seem to
host dust-obscured starbursts yet whose spectra are devoid
of emission lines. Knowing how significant such a popula-
tion of optically-obscured star-forming galaxies might be
would have important implications for our understanding
of galaxy evolution and the local star-formation rate den-
sity. As mentioned in the previous section, we are in the
process of obtaining spectra of the optically bright galax-
ies with radio detections that lie in the KISS regions. To
date, only two objects with radio detections have been
identified within the KISS volume, consistent with the es-
timates above. We will continue to pursue this issue with
additional spectroscopy in the future.
6. summary and conclusions
We have taken advantage of the existence of three
unique wide-field surveys to carry out a multi-wavelength
study of a deep sample of active galaxies. Using the op-
tically selected emission-line galaxies from the first two
Hα-selected lists of the KISS project, we have correlated
the positions of 2157 ELGs with both the FIRST and
NVSS 1.4 GHz radio surveys. Among the goals of this
study are to determine the incidence of detectable radio
emission from star-forming galaxies and AGN, and to de-
velop a picture of the characteristics of radio galaxies in
the local universe (z < 0.1). While most studies based on
radio surveys have focused on the optical characteristics
of flux-limited samples of radio sources, we instead desire
to probe the radio characteristics of an optically-selected,
quasi-volume-limited sample of ELGs.
Our positional matching exercise yielded a total of 207
radio detections (9.6% of the full KISS sample). Of these,
184 were detected in FIRST and 147 in NVSS. We used a
variety of visual checks to evaluate the reality of all pos-
sible matches with radio-optical separations of less than
30 arcsec. Therefore, we feel that our final catalog of
radio-detected KISS ELGs should be extremely reliable.
The median positional difference between the FIRST and
KISS galaxies is 0.75 arcsec, with only 5 matches being
more that 2 arcsec apart. For the NVSS-KISS detections,
the median separation is 3.4 arcsec (reflecting the lower
spatial resolution of NVSS), with all but 2 of the radio
sources located within 15 arcsec of the optical target.
An important aspect of our study is that all of our 207
radio-detected ELGs possess a follow-up spectrum in the
KISS spectral database. These spectra provide confirma-
tion that the KISS ELG candidates are in fact a bona fide
emission-line source, plus yield accurate redshifts and line
ratios. The latter are employed as diagnostics of the type
of activity present in each galaxy.
To gain insights into the nature of the KISS radio galax-
ies, we first compare the optical properties of the radio-
detected ELGs with the large number of radio-quiet KISS
galaxies. The redshift distributions of the radio and non-
radio populations are indistinguishable, indicating that
the radio subsample is not biased with respect to distance.
However, the radio-detected sources are on average signifi-
cantly brighter (median B magnitude of 16.84 compared to
18.21) and more luminous (median B-band absolute mag-
nitude of −19.89 compared to −18.87) than the non-radio
KISS ELGs. Few radio-detected objects have B magni-
tudes fainter than 18.5, and all of these are higher redshift
sources. The faintest object in the radio sample has B
= 21.61. The radio-detected galaxies also tend to have
higher Hα luminosities but lower Hα equivalent widths,
compared to the non-radio objects.
The availability of follow-up spectra allow us to evalu-
ate the activity type of each radio-detected KISS galaxy.
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Using standard emission-line diagnostics, we determined
that 132 of 207 galaxies (63.8%) are starburst/star-forming
ELGs, 37 of 207 are LINERs (17.9%), 32 of 207 are Seyfert
2s (15.5%), 5 of 207 are Seyfert 1s (2.4%), and 1 object is a
quasar (0.5%). In total, 75 of 207 are AGNs of some type
(36.2%), which is much higher than the overall proportion
of AGNs among those KISS objects with follow-up spectra
(14.7%). However, the proportion of the radio sample that
are AGNs is low when compared to radio-selected samples
of objects (see below).
The star-forming galaxies in the radio subsample rep-
resent a biased population when compared to the overall
population of KISS star-forming galaxies. In the line di-
agnostic diagram they tend to lie in the lower excitation
portion of the star-forming sequence. These are galax-
ies with higher luminosities and higher metallicities com-
pared to the overall KISS star-forming galaxy population.
The many intermediate and lower luminosity KISS star-
forming galaxies are completely absent from the radio-
detected population. We interpret this as being due to,
at least in part, the relative weakness of galaxian-scale
magnetic fields in dwarf galaxies.
The median radio flux of the combined FIRST and
NVSS radio detections is 2.84 mJy. Four sources have
radio fluxes in excess of 100 mJy: KISSR 29 (= NGC
4278), which is one of the brightest objects in the KISS
catalogs, and is a nearby (z = 0.0020) elliptical galaxy
with a LINER spectrum, KISSR 1307 (= NGC 4449),
the well studied nearby (z = 0.00063) Magellanic irreg-
ular galaxy, and KISSR 1304 and KISSR 1561, both high
redshift Seyfert 2 galaxies (z = 0.3481 and 0.3380, respec-
tively) that are also the galaxies with the highest radio
powers. The median radio power for the full sample is
P1.4GHz = 1.63 × 1022 W/Hz, with the vast majority
of the KISS objects having powers in the range 1021.5 to
1022.7 W/Hz. Only nine KISS ELGs have radio powers in
excess of 1023.5, and all are high redshift objects.
An interesting aspect of the properties of the KISS sam-
ple is that the ELGs of different activity types strongly
overlap in terms of their radio characteristics. The star-
bursting ELGs have essentially the same levels of radio
power and radio-optical ratios as the LINERs and Seyferts.
In other words, one cannot use the radio luminosity or
some other radio parameter to distinguish between the
various activity types. Based on previous studies of radio-
flux-selected samples, one might have expected that the
AGNs would have, on average, higher radio powers. How-
ever, in our local, quasi-volume-limited sample, the star-
burst galaxies are contributing just as much to the total
radio power as are the AGNs. Within our volume (z <
0.095) there are no extremely powerful radio galaxies.
A radio luminosity function (RLF) was constructed for
the full KISS ELG sample, as well as for the star-forming
and AGN subsamples. A total of 182 objects with z <
0.085 were used for the computation of the RLF, including
122 star-forming galaxies (67.0%) and 60 AGNs (33.0%).
Our RLFs agree well with those computed by Yun, Reddy
& Condon (2001) for a sample of IRAS galaxies also de-
tected by NVSS, and by Sadler et al. (2002) who matched
the deep 2dF redshift survey with the NVSS. The Yun,
Reddy & Condon (2001) sample complements ours, in
that the galaxies are selected as having FIR IRAS emis-
sion, meaning that they are typically later-type galaxies
with a substantial ISM. These authors indicate that AGNs
make up only a small percentage of the IRAF-NVSS sam-
ple. Therefore it is no surprise that the KISS star-forming
galaxy RLF agrees extremely well with that of Yun, Reddy
& Condon (2001). The Sadler et al. (2002) sample con-
tains a large population of strong radio sources at modest
redshifts, but still agrees quite well with the KISS RLF
in the intermediate radio power range (P1.4GHz between
1021.4 and 1023.2 W/Hz).
The picture that emerges from the current study about
radio emission from galaxies is somewhat different from
the one that is obtained by studying the objects contained
in traditional flux-limited radio surveys. Since the KISS
radio sample is a quasi-volume-limited sample, it should
provide a very good representation of the overall popula-
tion of radio-emitting galaxies in the local universe (z <
0.1). That population is dominated by star-forming galax-
ies rather than AGNs. By number, roughly two thirds
of the galaxies in our sample are star-forming galaxies.
In terms of their integrated radio power, the star-forming
galaxies contribute 59% of the total radio emission in the
KISS volume. There are no high luminosity radio galaxies
in this volume, which emphasizes how rare such objects
are. While they are extremely common in flux-limited
radio surveys (e.g., Sadler et al. (2002), Prandoni et al.
(2001), Magliocchetti et al. (2002)) that probe to high
redshifts, they make up much less than 1% of the volume
density of all radio galaxies. Another key difference be-
tween our sample and these radio-selected samples is that
the latter typically contain 60% to 80% early-type galaxies
and AGN, and relatively small populations of star-forming
galaxies.
It is possible that our view of the radio galaxy popula-
tion in the local universe is biased substantially by the fact
that KISS will not be sensitive to elliptical galaxies with
weak or no emission lines. While we cannot rule this out
completely, our belief is that the number of radio galax-
ies within the KISS volume that we are currently missing
is actually quite small. First, our RLF agrees well with
that of Sadler et al. (2002) in the region where the two
overlap, even though their sample is not biased against
early-type radio galaxies. Second, the Sadler et al. RLF
for radio powers above the highest bin covered by the KISS
RLF can be used to predict the number of such galaxies
within the KISS volume (see previous section). We esti-
mate that no more than 5 – 6 galaxies are missing. Finally,
we point out out that at least some elliptical/early-type
galaxies are detected by KISS. For example, KISSR 29
(= NGC 4278) is one such object. The presence of many
LINERs in the KISS sample also suggests that we have
at least some sensitivity to early-type galaxies with weak
emission-line spectra. Hence, we feel reasonably confident
that, while the KISS radio galaxy sample is probably not
100% complete, it is probably missing only a modest num-
ber of radio-emitting objects with z < 0.095.
As mentioned previously, we are interested in explor-
ing this issue further. Therefore, we have initiated a pro-
gram of spectroscopy of FIRST radio galaxies with B <
18.5, in order to fill in the missing radio-emitting galax-
ies within the KISS volume. Since there are no radio-
detected KISS ELGs within this volume with B > 18.5,
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we are confident that by obtaining these spectra that we
will be able to identify all of the remaining radio galaxies
within the KISS volume, and ultimately produce a truly
complete, volume-limited RLF. If our assessment about
missing galaxies above is correct, the resulting RLF will
not look substantially different from the one shown in Fig-
ure 15.
The reader will note that we have not discussed two key
issues with regard to radio emission from galaxies. First,
we have not compared our radio fluxes to FIR IRAS fluxes
and constructed a FIR-radio correlation. Second, we do
not attempt to derive estimates of the star-formation rates
of our star-forming radio galaxies. Both of these issues
will be addressed in a companion paper (Gronwall et al.
2004c), where we consider the FIR properties of the KISS
ELGs and derive star-formation rates using FIR, radio,
and optical (Hα flux) methods.
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Table 1
Original and revised FIRST flux values
KISS ID Orig Fint New Fint % Change
mJy mJy
27 4.19 3.94 -6.0
71 26.65 27.80 +4.3
147 68.22 71.32 +4.5
392 1.43 1.73 +21.0
419 2.41 2.08 -13.7
439 2.97 2.30 -22.6
592 2.96 3.94 +33.1
1125 6.07 6.68 +10.0
1205 4.13 6.06 +46.7
1219 5.96 6.25 +4.9
1224 2.03 4.96 +144.3
1561 3.62 242.31 +6594.0
1568 29.12 33.58 +15.3
1629 9.73 12.54 +28.9
1673 4.25 3.57 -16.0
1674 3.13 2.75 -12.1
1691 4.98 5.31 +6.6
1692 4.78 4.57 -4.4
1985 16.51 20.18 +22.2
Table 2
FIRST and NVSS source matches by ELG type
ELG Classification
Survey Sy1(%) Sy2(%) SB(%) LINER(%) QSO(%) Total
FIRST & NVSS 3 (2.4) 22 (17.7) 76 (61.3) 23 (18.5) 0 (0.0) 124
FIRST only 2 (3.3) 9 (15.0) 37 (61.7) 11 (18.3) 1 (1.7) 60
NVSS only 0 (0.0) 1 (4.3) 19 (82.6) 3 (13.0) 0 (0.0) 23
Totals 5 (2.4) 32 (15.5) 132 (63.8) 37 (17.9) 1 (0.5) 207
High z 2 7 0 0 1 10
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Table 3
Optical and radio properties of the radio ELG sample
ID RA Dec B MB LHα S1.4 P1.4 z ∆R Survey ELG
hms dms erg/s mJy W/Hz “ match Type
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
9 12:18:19.3 29:15:13.3 15.96 -20.56 3.20E41 6.41 2.88E22 0.0479 0.61 B Sy2
11 12:18:23.4 28:58:10.7 17.14 -20.36 6.56E41 4.95 5.46E22 0.0746 0.81 B SB
27 12:19:50.6 29:36:52.3 11.46 -19.05 1.22E40 4.19 7.39E19 0.0030 3.79 B LIN
29 12:20:06.8 29:16:50.3 11.53 -18.06 7.44E39 402.00 3.08E21 0.0020 0.40 B LIN
33 12:21:34.4 28:49:00.4 18.24 -18.81 9.83E41 9.09 6.72E22 0.0613 0.30 B SB
38 12:22:19.5 28:49:54.2 15.99 -21.19 5.76E41 4.67 3.89E22 0.0649 0.20 B LIN
53 12:25:28.1 29:09:48.5 16.60 -18.93 2.06E41 0.83 1.50E21 0.0305 1.32 F SB
63 12:27:58.8 28:49:44.4 16.52 -20.10 1.86E41 1.55 7.58E21 0.0500 0.83 B LIN
69 12:30:26.9 28:59:14.3 17.25 -19.73 3.63E41 0.96 6.80E21 0.0600 0.85 F SB
71 12:31:22.9 29:08:10.4 14.29 -19.69 5.38E41 26.65 1.19E22 0.0152 1.32 B LIN
74 12:32:43.0 29:42:44.4 14.68 -20.56 9.73E40 3.82 5.44E21 0.0271 9.36 N SB
80 12:35:24.0 29:29:31.1 15.12 -18.92 6.77E40 3.09 1.42E21 0.0155 14.00 N SB
84 12:37:17.7 28:58:39.1 16.12 -20.80 1.41E42 6.07 3.98E22 0.0578 3.56 B SB
90 12:39:14.6 29:42:59.0 16.80 -20.13 5.84E41 1.27 8.36E21 0.0578 0.55 F SB
102 12:41:35.1 28:50:36.4 17.37 -19.84 7.29E40 11.59 9.94E22 0.0659 0.86 B LIN
140 12:53:05.9 29:23:43.3 16.66 -20.37 8.95E41 1.71 1.28E22 0.0617 0.05 F SB
145 12:54:34.8 29:36:45.3 18.06 -19.18 5.27E41 1.45 1.32E22 0.0678 0.69 F SB
147 12:54:40.7 28:56:17.9 12.50 -20.15 3.07E40 68.22 9.12E21 0.0083 6.76 B SB
157 12:58:09.3 28:42:30.6 15.53 -19.54 3.12E41 5.73 7.06E21 0.0252 10.20 N SB
176 13:01:25.1 28:40:37.1 15.38 -20.02 1.71E41 3.91 6.47E21 0.0292 13.40 N SB
177 13:01:25.2 29:18:48.0 15.38 -19.55 7.79E41 40.10 4.30E22 0.0235 1.64 B Sy2
179 13:01:43.4 29:02:40.3 14.97 -19.99 1.35E41 2.55 2.82E21 0.0239 0.32 N SB
188 13:04:22.7 28:48:39.0 15.42 -19.77 2.11E41 3.00 4.10E21 0.0265 9.31 N SB
198 13:06:17.3 29:03:47.3 14.23 -20.70 2.31E41 17.62 1.91E22 0.0237 0.98 B LIN
218 13:09:16.1 29:22:02.8 15.38 -19.29 1.60E41 4.70 4.01E21 0.0210 0.10 B SB
222 13:09:47.5 28:54:24.6 14.17 -20.23 7.70E40 2.72 1.80E21 0.0185 0.31 B SB
227 13:11:01.7 29:34:41.5 15.13 -19.88 3.58E41 10.74 1.26E22 0.0246 0.25 B SB
242 13:16:03.9 29:22:53.7 16.71 -19.23 5.29E41 1.48 4.14E21 0.0379 1.56 B SB
254 13:18:12.3 28:45:06.8 15.99 -19.77 3.71E41 2.36 5.60E21 0.0349 3.01 N SB
266 13:19:58.8 29:25:38.8 15.75 -19.81 4.44E41 3.45 6.76E21 0.0317 12.30 N SB
273 13:21:56.6 28:50:39.7 15.54 -20.28 4.01E41 3.53 8.82E21 0.0358 1.16 B LIN
285 13:25:39.9 28:53:39.6 17.45 -19.57 2.53E41 2.90 2.19E22 0.0618 0.43 B LIN
292 13:29:04.1 28:58:21.0 17.60 -18.96 2.18E41 1.58 7.82E21 0.0502 1.24 F SB
332 13:40:03.2 29:08:14.1 16.14 -20.16 2.07E42 2.18 8.60E21 0.0449 3.17 N LIN
333 13:41:03.0 29:36:42.8 17.62 -19.88 1.83E42 6.44 7.70E22 0.0776 0.47 B SB
337 13:41:35.9 29:38:11.1 17.60 -19.90 1.33E42 1.64 1.95E22 0.0773 1.51 F SB
349 13:45:52.1 29:45:13.3 17.45 -18.62 1.82E41 3.21 1.03E22 0.0406 0.58 B SB
361 13:50:26.7 29:25:34.9 18.27 -19.19 7.40E41 1.02 1.18E22 0.0762 0.58 F SB
363 13:50:34.4 29:22:22.2 16.26 -19.70 1.21E41 4.18 1.22E22 0.0386 6.00 N SB
380 13:52:19.2 29:33:00.8 17.44 -20.03 8.48E41 1.67 1.95E22 0.0768 0.33 F SB
392 13:56:11.3 28:59:31.9 16.31 -20.66 1.34E41 1.73 1.26E22 0.0609 1.36 B LIN
400 13:57:21.2 28:47:21.8 17.15 -18.72 1.36E41 6.27 1.68E22 0.0371 21.90 N SB
410 13:58:54.9 29:34:35.9 16.73 -20.76 1.81E42 3.11 3.69E22 0.0773 0.25 B SB
419 14:00:32.7 28:39:38.8 16.31 -20.64 7.67E41 2.41 1.75E22 0.0607 1.25 B LIN
421 14:00:59.2 29:33:44.5 15.64 -19.59 1.67E41 1.92 2.83E21 0.0276 1.11 B SB
422 14:01:04.0 29:31:31.7 15.04 -20.10 3.72E41 1.80 2.45E21 0.0265 0.66 B SB
424 14:01:29.6 29:14:14.1 17.85 -19.23 6.17E41 0.91 7.40E21 0.0642 2.24 F SB
428 14:02:18.7 29:44:49.0 16.54 -20.53 3.39E42 3.22 2.59E22 0.0639 1.77 B SB
429 14:02:48.2 29:00:44.8 17.66 -19.70 1.59E42 1.45 1.53E22 0.0730 1.58 F SB
433 14:03:43.7 29:20:44.5 16.46 -20.60 2.42E42 1.93 1.55E22 0.0638 0.29 B SB
434 14:03:45.1 29:21:44.0 16.09 -20.97 2.51E42 3.90 3.11E22 0.0636 0.50 B Sy2
439 14:04:12.9 29:39:28.6 16.54 -20.97 3.81E42 2.97 3.59E22 0.0780 0.64 B SB
466 14:09:45.2 29:38:38.8 18.04 -19.05 1.36E41 2.54 2.08E22 0.0645 0.60 F LIN
486 14:13:39.6 29:34:38.7 16.86 -20.38 3.97E41 1.63 1.53E22 0.0689 0.36 F SB
497 14:15:44.5 29:02:20.8 17.55 -20.17 7.32E41 2.25 3.30E22 0.0858 0.36 F Sy2
501 14:16:22.6 29:33:04.0 16.94 -20.00 1.55E41 1.94 1.39E22 0.0603 0.33 B LIN
510 14:17:30.3 28:47:59.9 15.84 -19.93 1.07E42 4.44 1.08E22 0.0353 0.46 B SB
511 14:17:46.7 29:02:41.5 16.16 -21.33 7.11E43 3.01 3.57E22 0.0773 1.38 B SB
512 14:17:48.5 29:03:11.2 17.37 -20.14 3.73E41 3.39 4.10E22 0.0781 0.68 B SB
526 14:21:10.0 29:10:04.3 17.45 -20.34 2.07E42 3.26 5.12E22 0.0887 1.03 B SB
531 14:22:20.2 29:42:55.5 15.99 -20.67 8.56E41 2.48 1.37E22 0.0531 0.71 B Sy1
546 14:25:15.8 29:40:24.7 17.54 -19.23 2.93E41 1.13 6.92E21 0.0558 1.00 F SB
557 14:29:04.7 29:43:42.6 16.97 -19.73 1.80E41 2.35 1.35E22 0.0541 0.26 B Sy2
577 14:49:07.4 29:03:48.0 16.97 -19.71 2.60E41 1.35 7.50E21 0.0532 1.05 B SB
592 14:55:31.1 29:27:33.3 17.56 -19.31 4.95E41 3.94 2.50E22 0.0568 0.18 B SB
612 15:01:34.6 28:47:14.7 17.69 -19.40 5.09E41 1.20 9.22E21 0.0624 0.80 F SB
616 15:02:22.5 29:43:24.1 17.81 -19.57 1.50E42 0.76 7.67E21 0.0714 0.26 F SB
618 15:02:28.8 28:58:16.1 16.56 -20.86 1.14E43 2.88 3.00E22 0.0725 1.38 B Sy2
659 15:12:41.2 29:15:57.4 17.93 -19.39 1.02E42 1.93 1.90E22 0.0705 0.80 F SB
707 15:22:44.9 29:46:10.2 15.09 -19.80 4.37E41 2.45 2.57E21 0.0233 0.73 B SB
717 15:23:48.0 28:55:03.6 18.04 -19.76 1.11E42 12.31 1.87E23 0.0874 0.48 B Sy2
730 15:25:17.8 29:05:57.8 17.94 -19.63 1.28E42 1.90 2.34E22 0.0788 0.33 B SB
761 15:28:01.6 28:59:58.1 17.11 -20.22 1.34E42 1.95 1.93E22 0.0708 1.08 B SB
762 15:28:10.0 29:14:36.4 18.21 -19.04 6.87E41 1.92 1.76E22 0.0681 1.15 F SB
789 15:31:31.4 29:19:50.7 16.90 -20.39 1.19E42 1.50 1.31E22 0.0664 0.29 F SB
833 15:38:41.2 29:27:32.8 17.04 -20.00 9.00E41 1.43 1.04E22 0.0609 0.33 B SB
834 15:38:50.3 29:25:26.1 16.44 -20.58 1.63E42 4.00 2.86E22 0.0603 3.63 N SB
838 15:40:11.2 29:11:38.7 21.28 -19.71 6.67E42 1.87 5.11E23 0.3517 0.39 B Sy2
839 15:40:22.4 29:08:15.0 19.74 -17.99 3.02E41 0.77 1.04E22 0.0825 0.75 F Sy2
844 15:42:27.0 29:42:02.6 18.43 -23.17 1.38E43 1.35 6.44E23 0.4566 0.30 F QSO
872 15:50:09.8 29:11:07.3 16.58 -21.17 1.24E42 5.52 7.59E22 0.0831 0.35 B LIN
875 15:50:23.0 29:01:27.0 18.54 -19.01 5.27E41 1.61 1.84E22 0.0758 1.51 F SB
896 15:54:07.7 29:35:29.2 17.13 -20.47 2.47E42 2.76 3.28E22 0.0773 0.28 B LIN
904 15:55:17.9 29:06:22.1 16.36 -21.28 1.46E42 2.07 2.53E22 0.0785 0.50 B SB
916 15:56:08.1 28:53:10.2 17.52 -19.58 4.13E41 1.58 1.18E22 0.0616 0.41 F LIN
921 15:56:25.7 29:04:13.3 17.78 -19.99 2.34E41 1.53 2.09E22 0.0829 0.37 F LIN
937 15:58:48.7 28:56:31.9 18.50 -19.15 3.01E41 2.61 3.22E22 0.0788 1.02 F SB
938 15:58:48.8 29:54:50.9 18.26 -19.57 3.93E41 1.48 2.15E22 0.0855 1.19 F SB
946 16:00:06.0 29:13:33.1 17.35 -20.35 9.39E41 1.30 1.71E22 0.0813 0.22 B SB
947 16:00:19.9 29:10:06.9 17.02 -20.59 8.63E41 2.45 2.97E22 0.0782 17.00 N SB
961 16:04:25.4 29:24:34.9 17.40 -20.57 5.54E41 1.35 2.35E22 0.0934 1.04 B SB
967 16:06:31.8 29:27:57.2 17.28 -20.68 6.15E41 2.47 4.24E22 0.0926 0.56 B LIN
971 16:06:48.1 29:10:48.4 18.74 -22.07 2.67E42 0.74 1.76E23 0.3290 0.98 B Sy1
988 16:10:43.8 29:18:22.2 17.70 -20.17 1.98E43 1.37 2.12E22 0.0882 0.48 F SB
997 16:12:16.7 29:34:23.2 17.05 -19.76 5.62E40 0.70 4.08E21 0.0545 0.22 F Sy2
1061 16:38:34.5 29:43:51.0 17.88 -19.96 1.11E42 1.65 2.53E22 0.0877 0.90 F SB
1078 16:47:06.0 29:39:18.2 17.16 -19.70 6.67E41 2.66 1.52E22 0.0539 0.10 F SB
1084 16:49:05.3 29:45:31.6 15.46 -20.30 4.89E41 4.96 1.03E22 0.0327 0.47 B SB
1094 16:50:47.9 28:50:44.5 15.44 -20.38 8.19E41 3.33 7.20E21 0.0334 1.18 B SB
1097 16:52:13.1 29:25:01.0 17.17 -20.25 3.38E41 3.63 3.43E22 0.0691 11.70 N SB
1107 16:54:06.8 29:21:48.5 18.67 -18.87 1.20E42 2.66 2.79E22 0.0727 0.50 B SB
1125 16:59:08.6 28:59:31.1 15.10 -20.79 1.12E42 6.68 1.42E22 0.0331 0.25 B LIN
1126 16:59:20.5 29:56:47.1 15.02 -21.28 7.57E41 16.83 5.29E22 0.0401 0.92 B SB
1136 11:54:23.9 43:05:09.8 15.95 -21.25 2.08E42 2.28 2.05E22 0.0675 0.40 B SB
1138 11:54:29.4 42:58:48.5 16.30 -18.58 1.30E41 1.12 1.19E21 0.0235 0.61 F Sy2
1140 11:54:35.6 43:14:57.9 16.34 -20.82 7.26E41 5.93 5.22E22 0.0667 0.59 B LIN
1146 11:55:38.4 43:02:44.2 14.68 -20.23 2.84E41 16.88 1.86E22 0.0239 1.71 B SB
1147 11:55:40.6 43:48:39.7 17.08 -20.70 1.04E41 1.22 1.89E22 0.0881 0.97 F Sy2
1150 11:55:57.1 43:35:34.2 15.30 -20.54 1.78E41 6.43 1.66E22 0.0364 0.31 B SB
1154 11:56:32.9 42:59:38.8 16.39 -20.94 1.18E42 3.09 3.43E22 0.0720 7.77 N Sy2
1155 11:57:04.5 43:49:37.0 16.34 -18.70 1.15E41 1.65 2.06E21 0.0254 0.50 F LIN
1165 11:58:22.4 43:48:54.6 16.80 -20.48 6.38E41 2.52 2.45E22 0.0702 1.05 F SB
1171 11:58:52.6 42:34:12.7 14.98 -20.56 9.23E41 43.01 8.45E22 0.0318 0.76 B Sy2
1205 12:04:57.9 43:08:58.6 15.93 -20.68 6.82E40 6.06 3.21E22 0.0520 0.68 B SB
1207 12:05:15.3 43:15:29.4 18.23 -18.50 1.03E41 4.89 2.90E22 0.0549 0.75 B Sy2
1219 12:09:08.8 44:00:11.6 14.82 -21.10 1.18E42 5.96 1.66E22 0.0378 0.26 B Sy2
1221 12:09:17.6 44:05:25.0 14.92 -20.97 1.14E41 4.91 1.56E22 0.0372 4.46 N LIN
1224 12:09:26.2 44:04:23.9 16.05 -19.88 7.40E40 4.96 1.40E22 0.0381 0.25 B Sy2
1226 12:09:28.0 43:16:51.0 20.46 -20.14 3.45E43 14.54 3.04E24 0.3096 0.19 B Sy1
1241 12:13:33.0 44:02:34.1 17.56 -19.87 1.16E42 4.34 4.84E22 0.0750 0.45 B Sy2
1244 12:13:55.1 42:43:15.6 16.48 -20.18 1.32E41 1.25 6.91E21 0.0531 0.75 F LIN
1262 12:16:55.9 44:06:32.1 15.84 -21.30 5.04E42 5.37 4.61E22 0.0660 0.75 B SB
1274 12:18:12.9 44:10:22.7 14.43 -20.55 2.64E41 6.56 7.71E21 0.0246 1.53 B SB
1276 12:18:19.9 43:53:27.9 18.05 -19.12 2.32E42 3.13 2.77E22 0.0669 0.94 B SB
1285 12:20:53.4 42:45:48.8 17.84 -19.58 2.58E41 1.14 1.26E22 0.0748 1.01 B Sy2
1302 12:27:06.5 43:30:15.3 17.99 -19.75 8.35E41 1.91 2.85E22 0.0865 0.64 B SB
1304 12:27:41.9 44:00:41.5 21.61 -19.26 8.37E42 382.57 1.02E26 0.3481 0.77 B Sy2
1307 12:28:11.9 44:05:39.6 10.18 -17.53 3.72E38 269.00 3.61E20 0.0006 0.50 B SB
1313 12:29:22.4 42:40:15.9 18.11 -18.39 2.43E41 1.74 8.28E21 0.0493 0.40 F SB
1321 12:30:31.6 42:58:22.0 17.36 -19.72 1.93E42 1.92 1.56E22 0.0642 0.56 F Sy2
1342 12:34:02.8 42:47:17.2 17.96 -19.39 4.08E41 1.73 1.80E22 0.0725 0.55 B SB
1350 12:37:01.4 43:38:42.1 17.02 -18.49 1.08E41 3.00 6.07E21 0.0312 9.32 N SB
1363 12:41:48.7 43:02:50.3 17.37 -20.02 3.70E41 1.35 1.45E22 0.0737 0.83 F SB
1382 12:49:45.6 43:28:56.8 16.77 -20.25 8.70E41 5.08 3.93E22 0.0626 1.44 B Sy2
1402 12:58:58.4 43:23:34.4 18.16 -18.77 5.47E41 1.76 1.24E22 0.0598 1.11 F SB
1406 12:59:42.0 43:45:11.6 15.71 -21.16 1.31E42 5.76 3.84E22 0.0582 0.50 B SB
1408 13:00:04.2 42:42:20.5 18.56 -19.11 3.78E41 1.37 1.91E22 0.0838 0.23 F SB
1411 13:00:25.9 43:51:26.3 17.50 -20.00 5.85E40 1.99 2.37E22 0.0775 1.08 F LIN
1412 13:00:48.6 43:01:05.2 19.09 -17.83 2.62E41 7.01 4.92E22 0.0597 0.37 B LIN
1415 13:02:04.4 42:48:11.9 16.80 -19.89 4.01E41 2.73 1.55E22 0.0538 0.92 B SB
22 Low-Frequency KISS
Table 3—Continued
ID RA Dec B MB LHα S1.4 P1.4 z ∆R Survey ELG
hms dms erg/s mJy W/Hz “ match Type
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
1424 13:04:08.2 44:08:23.8 17.40 -19.48 1.39E41 7.22 4.92E22 0.0588 0.71 B SB
1439 13:05:50.8 43:11:38.4 16.48 -18.76 7.37E40 4.27 6.36E21 0.0277 0.79 B SB
1441 13:06:00.4 43:46:09.0 16.86 -19.16 3.25E41 10.56 3.24E22 0.0396 0.75 B LIN
1461 13:08:37.9 43:44:15.6 15.16 -20.66 1.87E41 52.27 1.33E23 0.0361 0.37 B LIN
1465 13:09:00.7 43:34:12.5 17.24 -18.61 4.60E40 2.30 6.04E21 0.0367 1.09 F LIN
1476 13:10:42.4 44:01:27.9 14.92 -20.93 1.81E40 7.62 2.00E22 0.0367 2.99 B LIN
1477 13:11:11.2 43:43:34.3 15.58 -19.39 8.60E40 7.61 8.83E21 0.0245 0.91 B SB
1487 13:12:59.9 43:12:15.5 15.57 -21.44 1.36E42 9.24 6.98E22 0.0619 0.26 B SB
1494 13:13:25.8 43:32:14.2 15.95 -20.89 1.29E42 23.12 1.51E23 0.0576 0.77 B Sy2
1498 13:13:54.2 44:10:49.6 18.15 -19.30 2.83E41 2.60 2.97E22 0.0759 0.89 F LIN
1511 13:15:10.1 43:25:46.8 17.58 -20.16 6.94E41 1.95 2.90E22 0.0864 0.65 F Sy1
1527 13:17:38.0 43:48:37.5 15.53 -19.75 1.25E41 2.66 4.13E21 0.0283 0.82 B SB
1530 13:18:33.9 43:13:41.0 17.39 -20.08 2.43E42 4.12 4.77E22 0.0764 1.31 B SB
1533 13:18:45.7 43:14:06.7 16.34 -20.31 1.55E41 1.28 7.04E21 0.0529 1.66 B LIN
1537 13:19:01.6 43:15:00.4 16.43 -20.20 1.28E41 1.76 9.44E21 0.0523 0.67 B SB
1541 13:19:07.3 43:08:13.1 19.91 -20.81 6.86E42 2.23 5.19E23 0.3259 1.15 F Sy2
1554 13:22:55.0 42:54:36.1 17.52 -19.89 7.09E41 1.76 1.95E22 0.0748 0.93 F LIN
1556 13:23:48.5 43:18:03.9 15.52 -19.73 4.17E41 9.90 1.48E22 0.0278 1.28 B Sy2
1561 13:24:04.3 43:34:06.4 19.43 -21.39 5.00E42 242.31 6.09E25 0.3380 0.57 B Sy2
1568 13:25:14.0 43:16:01.6 13.91 -17.35 6.05E40 33.58 1.27E21 0.0044 0.54 B SB
1577 13:28:43.4 43:18:10.9 16.28 -20.98 5.68E41 3.36 3.58E22 0.0693 7.99 N SB
1578 13:28:44.0 43:55:50.3 15.91 -19.37 2.57E41 3.31 5.13E21 0.0283 0.54 B SB
1589 13:31:00.4 42:50:12.9 16.70 -18.54 4.35E40 1.03 1.54E21 0.0277 0.84 F SB
1592 13:31:56.0 44:08:26.1 16.22 -19.46 1.30E41 6.73 1.51E22 0.0339 1.35 B SB
1600 13:34:20.9 42:43:08.6 21.61 -19.44 4.01E42 1.41 4.41E23 0.3746 0.89 F Sy2
1629 13:39:35.9 43:03:10.0 15.22 -18.21 5.03E40 12.54 3.53E21 0.0121 1.04 B SB
1631 13:39:53.6 43:29:01.5 16.84 -20.19 5.52E41 4.07 3.17E22 0.0628 0.85 B SB
1633 13:41:02.0 43:57:25.5 16.81 -19.83 4.87E41 3.11 1.69E22 0.0526 0.80 B SB
1664 13:51:29.5 43:48:22.2 15.38 -20.29 2.75E41 7.57 1.67E22 0.0337 1.45 B SB
1666 13:52:33.9 43:38:33.6 16.94 -19.92 6.70E41 1.87 1.25E22 0.0582 0.09 B LIN
1673 13:54:10.2 44:12:48.7 16.09 -20.98 6.43E41 4.25 3.43E22 0.0639 1.27 B SB
1674 13:54:11.9 44:12:29.5 16.61 -20.49 9.34E42 3.13 2.60E22 0.0648 0.99 B SB
1683 13:59:02.4 42:54:02.2 17.48 -19.88 1.01E42 1.49 1.57E22 0.0729 0.53 F SB
1691 14:00:57.8 42:51:20.0 16.51 -19.08 4.51E41 4.98 1.03E22 0.0327 0.69 B SB
1692 14:00:58.8 42:50:42.7 16.49 -19.16 1.76E42 4.78 1.04E22 0.0335 0.34 B SB
1697 14:02:26.3 43:14:24.6 18.26 -19.50 6.62E41 2.02 3.07E22 0.0873 1.53 F SB
1743 14:13:26.3 43:47:08.3 17.26 -20.49 6.22E41 1.75 2.62E22 0.0867 0.77 F SB
1747 14:15:06.4 43:48:12.2 17.62 -19.65 5.06E41 1.81 1.74E22 0.0697 1.12 F SB
1751 14:16:47.7 42:51:11.6 20.15 -20.72 1.29E44 6.44 1.72E24 0.3482 0.86 B Sy2
1764 14:22:31.0 43:42:50.7 17.69 -19.78 1.08E41 4.51 5.27E22 0.0767 0.57 B SB
1811 14:33:47.2 43:02:43.4 17.65 -20.15 2.05E42 1.77 2.74E22 0.0882 0.23 B SB
1835 14:39:52.2 42:44:32.5 14.72 -18.08 1.20E40 6.36 9.73E20 0.0089 4.77 N SB
1857 14:46:25.0 43:49:56.0 15.85 -20.43 7.62E41 2.16 8.29E21 0.0443 1.58 B SB
1869 14:50:39.4 42:44:27.2 14.53 -19.86 2.04E41 10.00 6.75E21 0.0187 0.37 N SB
1871 14:51:46.5 43:38:40.8 14.69 -18.09 3.86E39 2.55 3.90E20 0.0089 8.14 N SB
1891 15:02:43.3 43:16:29.0 15.86 -20.27 7.33E40 1.62 5.37E21 0.0412 1.00 F LIN
1895 15:03:08.7 42:38:53.3 16.84 -19.36 2.11E41 2.33 8.21E21 0.0425 1.34 F SB
1919 15:10:09.8 43:59:57.6 16.93 -20.27 1.38E42 2.84 2.45E22 0.0661 0.62 F SB
1930 15:15:05.5 43:09:02.0 15.21 -19.18 3.38E41 6.17 4.11E21 0.0186 0.61 B LIN
1961 15:32:18.3 43:22:30.0 17.00 -19.72 1.19E42 2.08 1.16E22 0.0533 1.84 B SB
1971 15:34:00.8 43:40:27.8 17.26 -20.16 1.42E42 4.92 5.23E22 0.0732 0.13 B SB
1976 15:35:04.2 43:08:25.4 17.34 -19.73 4.16E41 2.09 1.60E22 0.0623 1.11 F SB
1980 15:36:27.0 43:31:07.8 14.53 -20.14 4.74E41 8.54 7.14E21 0.0208 0.76 B SB
1985 15:37:13.2 43:17:53.7 13.87 -20.70 1.66E41 20.18 1.54E22 0.0199 0.95 B SB
1994 15:39:07.7 43:51:54.9 14.82 -19.72 1.59E41 5.17 3.81E21 0.0195 0.22 B SB
2009 15:43:24.4 44:07:17.9 15.70 -20.21 3.05E41 5.17 1.37E22 0.0369 0.84 B SB
2035 15:48:35.3 42:41:47.1 17.40 -18.42 5.16E42 3.82 9.50E21 0.0357 0.96 B Sy2
2073 16:01:10.9 43:11:38.4 18.52 -18.82 1.43E41 9.62 9.99E22 0.0724 0.40 B Sy2
2081 16:02:16.7 42:55:01.4 14.96 -20.05 2.14E41 3.27 3.98E21 0.0251 10.80 N SB
2097 16:05:51.0 44:05:40.8 21.24 -19.46 1.68E43 2.21 4.98E23 0.3210 0.86 F Sy2
2098 16:05:58.1 44:03:20.1 16.20 -20.09 2.81E42 2.34 9.08E21 0.0446 1.93 F Sy1
2118 16:09:55.5 43:07:45.3 16.99 -18.66 8.98E40 2.27 4.97E21 0.0328 6.23 N LIN
2125 16:10:20.4 43:00:35.8 16.58 -18.50 1.36E41 5.64 7.29E21 0.0258 0.67 B SB
2129 16:11:08.8 44:10:21.8 17.67 -19.27 2.84E41 2.64 1.88E22 0.0601 0.30 B Sy2
2130 16:11:36.4 42:45:39.3 16.90 -20.45 4.85E42 1.28 1.33E22 0.0725 1.02 B SB
2145 16:15:31.6 42:56:23.3 16.53 -21.07 2.10E42 1.03 1.35E22 0.0812 0.73 F SB
2148 16:15:52.4 44:09:40.3 16.75 -20.01 2.71E41 2.68 1.63E22 0.0556 1.16 B SB
Van Duyne et al. 23
Table 4
The local radio luminosity function at 1.4GHz
ALL STARBURST AGN
log10P1.4GHz N logρ1.4GHz N logρ1.4GHz N logρ1.4GHz
20.2 1 -2.30+0.30
−1.0 0 · · · 1 -2.30+0.30−1.0




−1.0 0 · · ·




























































−0.37 0 · · · 3 -4.55+0.18−0.30
23.2 2 -4.74+0.23
−0.53 0 · · · 2 -4.74+0.23−0.53
Table 5
Schechter Parameters for the KISS and YRC RLFs
L∗ φ∗
Fits (1022 W/Hz) α (10−3 Mpc−3 mag−1) χ2
KISS: All 4.05± 0.99 −1.35± 0.18 1.16± 0.29 1.66
KISS: SB 6.03± 2.00 −1.52± 0.16 0.39± 0.11 3.10
YRC 2.64± 0.12 −1.68± 0.04 0.49± 0.03 2.79
